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Chapter 1 
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INTRODUCTION 
Pulses form an important part of Indian dietary. They constitute 
an important ingradient in predominantly vegetarian Indian diet. 
Possessing high protein content and being cheaper than meat (animal 
protein) they are often referred as poor man's meat in developing 
countries like India. India is the major pulse growing country of the world 
accounting roughly for one-third of the total world area under pulses and 
one-fourth of the total world production. Pulses occupy 68.32 million 
hectare area and contribute 57.51 million tons to the world food basket. 
India shares 35.2% area and 27.65% of the global production. In India 
pulse crops are grown in an area of 22-24 million hectare producing 13-
15 million tons of grains in different years (Figs. 1 and 2). There was a 
considerable decline in pulse production during 2000-02 (11.06 million 
tons) due to reduction in area under rabi pulses because of early 
cessation of monsoon and failure of winter rain (Chaturvedi and Ali, 
2002). Pulse crops, known as grain legumes have played a significant 
role in agriculture economy of India since long and have been valued as 
food, fodder and feed. Being leguminous crops possessing root nodules 
they have the ability to fix atmospheric nitrogen in symbiotic association 
with Rhizobium and utilize it in growth and development. The pulse 
plant is in itself a mini-fertilizer factory contributing substantially to the 
enrichment of the soil by adding many times more nitrogen to the soil 
per unit area than what is added through the application of chemical 
fertilizers. In the near future by dint of the characteristic feature of 
nitrogen fixation, pulses will have to play a vital role in agriculture as 
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there will be a greater dependence on the nitrogen fixed by pulses and 
other legume crops because of decline in the availability of petroleum 
products, which form the basic material for chemical fertilizers. The 
other characteristic features of pulse crops which adapts them to the 
non-irrigated conditions is their deep penetrating root system which 
enables them to utilize the limited available moisture more efficiently 
than many other crops including cereals and keeps the soil intact. 
Therefore, they are more drought resistant as compared to other cereal 
crops, however, the degree of tolerance varies from crop to crop. Due to 
the on going trends of disturbing the atmospheric and climatic 
conditions by means of various unwanted human activities like 
deforestation and nuclear wars etc. there has been a sharp increase in 
droughts and low rainfall since last few years turning well performing 
agricultural land into barren land causing severe loss in agricultural 
production. Therefore, the need of the hour is to develop drought 
resistant and high yielding crops to ensure such areas are being 
covered by agriculture - the pulses have the potential to avail the 
opportunity. Thus in the fragile environments and poor farm resource 
bases, the pulses are the best choice for farmers. 
Pulses improve physical, chemical and biological properties of 
soils. Large genetic variability exists in pulse crops in relation to 
nitrogen fixation and their ability to mine nutrients from native sources. 
Cultivation of pulses also helps in protecting the environment from the 
risks of huge input agriculture. Such risks have been observed in the 
Indo-gangetic plains where cereal-cereal crops (rice-wheat) rotations 
are dominating the scene. Under these risky conditions pulses play an 
important role in the sustainability of the production/forming system and 
ensuring environmental security (Chaturvedi and Ali, 2002). 
By virtue of being a restorer of soil fertility, pulses have a unique 
position in cropping system and dry land/rainfed agriculture. Due to tap 
root system, these crops open up soil by which soil aeration improves. 
The heavy leaf drop increases the organic matter in the soil. Pulses also 
have an inherent quality to trap the moisture from lower strata of the 
soil, therefore, they are considerably moisture stress (drought) tolerant 
and fit well in rainfed environment (Mahapatra et al., 1975, Asthana and 
Chaturvedi, 1999). Introduction of pulses in cereal-cereal based 
cropping systems such as rice-wheat, sorghum/maize-wheat, 
sorghum/pearl-millet-wheat and rice-rice will add to sustainability of 
these systems by ensuring both nitrogen economy and improved soil 
health. Different pulses can fix huge amounts of nitrogen through 
symbiosis and thus minimize dependence on chemical fertilizers. The 
economic feasibility of legume and non-legume based double cropping 
system is also reported by Dwivedi et al. (1998) and Vyas 
efa/. (1999). 
Grain legumes are important and rich source of proteins in human 
nutrition. Pulses contain 20-30% protein in their seed, which is 2-3 times 
higher than that in the cereals. Dietary proteins provide amino acids for 
the synthesis of body proteins and other biologically important 
compounds in the body. The amino acid composition of pulse protein 
complements the ones lacking in the cereal proteins. Pulse proteins are 
rich in lysine and poor in sulphur containing amino acids i.e. a reverse 
of cereal proteins and this amino acid profile of proteins is nutritionally 
superior and important making pulses an efficient dietary source 
(Tables 1,2). The decreasing per capita availability of pulses from 60.7g 
in 1951 to 35.9g in 2000 is of great concern in the Indian context where 
majority of population is vegetarian. The average requirement of protein 
per capita per day for each Kg of body weight of human being is 1g. 
Accordingly an average adult man and woman will require 60g and 50g 
of protein per day respectively. However, taking into account 
consumption of other sources of high quality protein such as milk, egg, 
meat, fish etc. 50g/capita/day pulse intake has been recommended by 
Indian Council of Medical Research (Chaturvedi and Ali, 2002). Pulses 
are the cheapest source of the protein as compared to other sources. 
The cost of protein for pulse comes around Rs. 100/ per Kg whereas, 
for egg, milk and fish/meat the cost is around Rs. 200, Rs. 300, Rs. 
450/Kg respectively. Therefore, it is relevant to work out the demand of 
pulses which are the cheap sources of protein for the resource poor 
formers of the country. It is estimated that the population of the country 
would be touching nearly 1350 million by 2020 A.D. and our minimum 
pulse requirement would be around 30.3 million tons (Table 3). 
India is the major producer of pulse crops like chickpea, 
pigeonpea, lentil, pea, cowpea, blackgram etc. and produces about 40-
80% of the total global production. The production of pulses has been 
more or less stagnant ranging between 10-14 million tons over the last 
few decades. No significant improvement has been made in total pulse 
production as well as productivity even after few decades of green 
revolution. The average yield per hectare of pulses in U.S.A. is 1963 Kg 
Table 1. Protein quality of pulses. 
Pulse 
Chickpea 
Pigeonpea 
Mungbean 
Urdbean 
Pea 
Lentil 
Protein(%) 
22.0 
22.9 
22.1 
21.0 
19.7 
25.6 
NPU(%) 
39-65 
42-71 
30-50 
50-54 
44-46 
30-54 
Bv(%) 
52-78 
46-74 
39-66 
60-64 
48-49 
32-58 
TD (%) 
90.5 
93.0 
76.0 
84.0 
92.6 
92.6 
Source: Hindu Survey of Agriculture, 2002. 
Table 2. Amino acid composition (mg/100g of protein) of protein 
from different sources. 
Amino acid 
Isoleucine 
Leucine 
Lysine 
Methionine 
& Cystine 
Tryptophan 
Animal 
46.7 
79.6 
84.3 
37.7 
11.4 
Cereal 
39.8 
86.3 
30.5 
41.1 
12.1 
Pulses 
45.3 
78.9 
67.1 
25.3 
12.3 
Source: Hindu Survey of Agriculture, 2002. 
Table 3. Share of pulses in nutrition supply. 
Per capita/day 
Energy (Kcal) 
Protein (g) 
Fats (g) 
World 
56.00 
3.50 
0.40 
Asia 
51.90 
3.10 
0.40 
India 
117.40 
6.90 
1.00 
Source: FAOSTAT, 2001, 
Table 4. Area of production and productivity of pulses in India. 
Pulse crop 
Chickpea 
Pigeon pea 
Mungbean 
Urdbean 
Lentil 
Lathyrus 
Area (m.ha.) 
7.22 
3.82 
3.08 
3.16 
1.34 
0.85 
Production 
(m.tons) 
6.01. 
2.88 
1.31 
1.49 
0.88 
0.49 
Productivity 
(Kg/ha) 
832 
753 
425 
473 
660 
570 
Source: The Hindu Survey of Agriculture, 1999. 
as compared to 587 Kg in India (Singh, 2002). One of the major hurdle 
in increasing pulse production in our country has been the lack of 
genotypes with higher yield potential to the growers. Most of the 
cultivars presently under commercial cultivation exhibit lower 
productivity, non-synchronous flowering/fruiting, non-responsiveness to 
good management, non-adjustment to various cropping systems, 
complete or partial absence of genetic resistance to major disease and 
pests in addition to other undesirable characteristics. 
1.1 Area, production and productivity of chickpea 
Cicer arietinum L. also known as gram, bengal gram or chickpea 
is one of the most important pulse crop of the country having diploid 
chromosome number 2n=16. It Is grown as a cold weather rabi crop 
either as monoculture or mixed with wheat, barely, linseed and pea. 
Being a legume crop it is much esteemed as a rotation crop with cereals 
like bajra, wheat, barley, jawar and rice. Mixed cropping is also said to 
check gram blight to some extent. In North India the crop is grown on 
light alluvial soils which are rather poor for wheat. Kabuli gram, 
however, requires better soil. In the Deccan and Southern India, gram is 
cultivated on water-retentive clay loams and black soils. Gram is 
generally grown as a dry crop in the rabi season but sometimes it is 
also grown as a regularly or partially irrigated crop. It is best suited to 
areas having low to moderate rainfall accompanied by mild cold 
weather. Excessive rain and severe cold soon after sowing and at the 
time of flowering is harmful and injurious. However, early hot summer 
shortens the growing period, hastens maturity and reduces yield. 
Chickpea varieties differ in the colour of grain from white to 
yellow, brownish red and black. The two principal cultivar types are the 
brown or yellow brown desi type and white seed kabuli type. Desi type 
is generally grown in Indian subcontinent and in the Eastern Africa, 
Spain whereas the kabuli type is preferably grown in Afghanistan, Iran 
and Mediterranian countries. The most convenient time for sowing of 
chickpea is mid October to eady November, marking the onset of cool 
weather having daily temperature around 25°C. The sowing is done 5-
8cm deep for a better crop (Siddiqui and Loss, 1999). Chickpea 
occupies the apex status both in terms of area and production (Table 4) 
among different pulse crops grown in the country. It is cultivated on an 
area of about 7.22m hect. with a yield of 6.01m tons (Asthana and 
Chaturvedi, 1999). 
The major chickpea growing states in India (Grewal et al., 1988) 
are Bihar (119.0 Lakh ha.), Karnataka (91.7 Lakh ha), Madyapradesh 
(21.5 Lakh ha.), Maharashtra (5.3 Lakh ha.) and Punjab (1.1 lakh ha). 
About 85% of chickpea is grown as a rainfed crop, mostly in the residual 
soil moisture left after the harvest of kharif crop. Nearly about 15% of 
chickpea is grown as irrigated crop mostly in Haryana, Punjab and 
Rajasthan. The yield harvested from the irrigated crop is much higher to 
that of the rainfed crops and with appropriate genotypes the yield can 
be as higher as 20-25q/ha under irrigated conditions. 
1.2 Botanical description 
Cicer arietinum L belongs to family Fabaceae (Leguminosae). It 
is an annual herb, branching from the base, mostly erect, with a few 
diffused spreading branches. The plant is covered with viscid glandular 
hairs. Stem is generally grayish in appearance, leaves are pinnately 
compound with small leaflets, hairy and serrated. Flowers are solitary 
axillary with pedicel jointed. The colour of flowers varies from white, 
greenish white and pink and corolla is papilionaceous, stamens have 
diadelphous (9)+1 condition, ovary is superior with one or two ovules. 
Fruit is a turgid pod, normally containing one or two seeds. Seeds vary 
in size and shape with colour ranging from white, orange, yellowish 
brown, dark brown or brown with little bluish tinge. The seed coat may 
be smooth or wrinkled, cotyledons are thick and yellowish. 
Floral formula: K(5)C2+2+i A(9)+iGi 
1.3 Economic importance 
Chickpea or bengal gram is a major grain legume crop of 
tremendous importance in our country. It is an important source of 
human food and animal feed, playing an essential role in the 
maintenance of soil fertility in the wheat based cropping system of dry 
rainfed areas of Indian sub continent. West Asia and North Africa 
(WANA) region. Chickpea is an important rabi pulse crop highly suitable 
for inter cropping with high yielding crops of cereals or other crops. 
Inter-cropping of chickpea shows promise regarding improvement of 
fertilizer and water requirements, plant protection measures besides 
economics of crops production. It produces favourable changes in the 
soil with respect to nitrogen transformation when grown as intercrop or 
in rotation. The efficiency of chickpea to be grown as mixed crop with 
barley, wheat for increasing growth and development, yield, dry matter 
production, protein content, monetary returns and for improvement in 
nitrogen, phosphorus and organic matter status of soil is reported by 
various workers (Singh, 1957; Nair, 1963; Sharma, 1966; Bains, 1968; 
Mehrotra, 1970). The significance of chickpea in human food reflects 
from its high seed protein content, with a better protein digestibility than 
several other pulses, no hemagglutinating and low antitrypsic activity. 
The amino acid composition of chickpea and cereal makes an integral 
part of several traditional foods in the Indian subcontinent and WANA 
region. 
Chickpea is consumed in the form of dal, besan (flour), crushed 
or whole grain, boiled or parched, roasted or cooked, salted or unsalted 
or sweet preparations and green foliage and grain, as vegetables by the 
people. Germinated seeds are recommended to cure scurvy. Malic and 
oxalic acids collected from the green leaves are prescribed for intestinal 
disorders soaked grain and husk are fed to horses and cattle as 
concentrates and as roughage, respectively. The besan prepared from 
gram is one of the chief ingradient along with ghee and sugar of many 
forms of Indian confectionary. 
Gram is a nutritive pulse extensively used as a protein adjunct to 
starchy diet. It is consumed in several preparations all over the world 
predominantly by the vegetarian population. The analysis of the gram 
reveals that it constitutes the grain moisture (9.8%), protein (17.1%), fat 
(5.3%), carbohydrates (61.2%), mineral matter (2.7%), fibre (3.9%), 
calcium (0.18%), phosphorus (0.24%), carotene and vitamin Bi in 
traces. The protein content of gram varies from 12.3% to 31.5%, which 
is influenced mostly by the soil and agro-climatic conditions of a place. 
Gram seeds contain a higher percentage of oil (4-5%) than most 
other pulses. Starch present in gram is used for textile sizing and is 
considered suitable for giving light finish to cotton, wool and silk clothes. 
It is also utilized in the preparation of an adhesive suitable for 
commercial plywood. The glandular hairs present on the whole gram 
plant exude an acrid liquid, which contains malic acid (94.2%), oxalic 
acid (5.6%) and volatile acid (0.2%). The exudation is astringent and 
useful in dyspepsia, dysentery. Tender shoot of gram plant and 
immature seed are used as a vegetable. 
1.4 Mutagenesis as a means of crop improvement 
Plant breeding needs the conscious human efforts aimed at 
improving old and developing new varieties of crop in order to satisfy 
the demands of human food and animal feed. Plant breeding in the 
sense of deliberately creating something new, something that could not 
be found in natural populations, is much more recent. After world war II, 
new methods of plant breeding started to be used alongside the 
conventional hybridization methods, one among which is induced 
mutagenesis. Mutagenesis has a key role in biological research from 
viruses to plants and animals in every country not only because of the 
understanding of the mechanism of mutation and the factors that have 
helped to elucidate the basic aspect of the phenomenon of life but also 
because it has perfectly been utilized in raising a large number of 
economically superior and desirable genotypes of crop plants. 
Taking into consideration the present advancement in our 
knowledge of gene and genetic variability, mutagenesis proved 
rewarding in generating genetic variability especially in crop species 
having narrow genetic base or limited gene pool. The idea of inducing 
mutations artificially and then its subsequent utilization in the crop 
improvement was put forward by Hugo de Vries in 1901. Muller (1927), 
while performing experiments on fruitfly, confirmed that ionizing 
radiations are the source of producing mutations. Stadler (1928) 
induced mutations in bariey and Good-speed (1929) in Nicotiana by X-
rays and gamma rays. Blakeslee and Avery (1927) used colchicine for 
inducing mutation in Datura stramonium. Discovery of chemical 
mutagens by Auerbach (1943) during 1940s opened new avenues for 
understanding the nature of the gene and mutation process. Now the 
score of synthetic chemicals, which have proved to be mutagenic and 
are extensively utilized in different organisms for induction of mutations 
has gone high. 
The mutagenesis based crop improvement in the agriculture has 
taken a lead over the conventional breeding methods. In conventional 
breeding methods, the store of natural variability present either in the 
base population initially or introduced through hybridization is subjected 
to recombination of genes in the selected line. Mutation breeding helps 
in inducing greater magnitude of variability in various plant traits in a 
comparatively shorter time. The magnitude of genetic variability induced 
by physical and/or chemical mutagens could be exploited only through a 
careful screening and selection programme for obtaining the desirable 
lines. It has been broadly estimated that in higher forms of life only 10% 
of the DNA carry the active genes, the remaining 90% of the genome is 
useless but could be considered as a reserve genetic material to be 
utilized as and when required for active sites, such a conversion could 
occur through mutations. Mutation provides an opportunity to create 
hitherto unknown alleles so that the plant breeder does not remain 
handicapped because of limited allelic variations at one or more gene 
loci of interest. Fried (1969) concluded that for increasing food 
production in the world, induced mutation is important in creating 
variability in the breeding population to improve yield, earliness, disease 
resistance, lodging resistance etc. .Gottschalk (1996) stated that 
mutation breeding is a well functioning branch of plant breeding that can 
supplement the conventional methods in a favourable manner. 
Mutation breeding is a creative work essential for solving the 
global problem of food provision. The importance is further emphasized 
by the fact that there is less arable land and the population is growing at 
a tremendous pace so the only solution to the problem of providing food 
to the rapidly expanding world population is a permanent increase in 
yield per unit area (Gregory and Ingram, 2000). The success in plant 
improvement programme, however, depends basically on controlling 
and directing the induced mutation process for the production of 
desirable mutations. One of the chief advantage of mutation breeding is 
its ability to improve a single feature in a variety without significantly 
altering the otherwise desirable makeup of agronomic characters. 
Another advantage of mutation breeding is creation of genetic 
variability, which enhances the scope of selection. The mutation 
breeding is being applied presently on a much larger scale in the crop 
improvement programmes. More than 1700 varieties developed through 
mutation breeding have been recorded as approved and released for 
cultivation representing at least 90 plant species till mid 1996 (IAEA, 
1996 a,b) most of them are directly utilized mutants but an increasing 
number of varieties have resulted from cross breeding with such 
induced mutants. They have been officially tested and approved or 
commercialized privately. Among the useful mutants raised 
experimentally, about 95% have been produced by X-rays, gamma 
rays, neutrons etc. and only 5% by chemical mutagens. It is not 
because chemical mutagens are less effective than physical mutagens 
but the mutagenic nature of later came to be known only after world war 
II. It has now been reported that chemical mutagens are more effective 
than physical mutagens in inducing mutations (Kharkwal, 1998a). 
Because of the large number of effects of radiation on living tissues, 
both primary and secondary studies on radiation 
induced mutation provide little information about the molecular details of 
mutation process. The discovery of the mutagenic effect of large 
number of chemicals, many with very special effects on DNA, there has 
been an increasing trend towards application of chemical mutagens to 
workout many of the details of mutation processes at molecular level. 
The alkylating agents have proved to be potent mutagens for inducing 
mutations leading to crop improvement. The efficiency and 
effectiveness of various alkylating agents in induction of mutations has 
been reported by different workers (Jagtap, 1976; Gautam e^  al. 1992; 
Reddi and Suneetha, 1992 and Kharkwal, 1998a). 
The ultimate aim of mutation breeding experiments is the 
development of genotypes showing improvement over the existing 
varieties for higher yield and other desirable characteristics. The 
development of promising varieties of different crop plants bears 
testimony to the applicability of the technique in plant breeding. Rice, 
badey and wheat with 324, 256 and 146 commercially cultivated mutant 
varieties respectively are the three major crops benefited with mutation 
breeding. In legumes also a total of 197 varieties have been evolved 
through direct or indirect use of mutagenesis. In chickpea only 8 such 
mutant varieties have been released which is comparatively poor figure 
as compared to others (Table 5). Out of these 8 varieties, 7 are the 
result of gamma rays irradiation and the remaining one is of fast 
neutrons. In India 43 varieties of cereal crops, 38 of grain legumes, 23 
of oil seeds, 13 of fibre crops and 10 of millets have been developed by 
mutation breeding and subsequently released and approved for 
cultivation (Kharkwal, 1996). The application of mutagens for crop 
improvement in the past 70 years has increased crop biodiversity and 
productivity in several crops in different parts of the world. The present 
statistics shows that till date worldwide, 2252 mutant varieties have 
Table 5. Number of released varieties developed through mutation 
breeding in legumes. 
S.No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
Species 
Arachis hypogaea 
Cajanus cajan 
Cicer arietinum 
Dolichos lab-lab 
Glycine max 
Lens culinaris 
Phaseolus vulgaris 
Pisum sativum 
Trifolium alexandrium 
Trifolium incarnatum 
Trifolium pratense 
Trifolium subterraneum 
Vicia faba 
Vigna angularis 
Vigna mungo 
Vigna radiata 
Vigna anguiculata 
Common name 
Ground nut 
Pigeonpea 
Chickpea 
Hycinth bean 
Soybean 
Lentil 
French bean 
Pea 
Egyptian clover 
Crimson clover 
Red clover 
Sub terranean clover 
Faba bean 
Adzuki bean 
EJIack gram 
Mung gram 
Mung bean 
Number 
of 
varieties 
38 
5 
8 
1 
49 
1 
21 
21 
1 
1 
1 
1 
13 
1 
1 
3 
12 
9 
Source: Joint FAO/IAEA, Division of Nuclear Technique in Food and 
Agriculture, June, 1996. 
been officially registered, of which 1585 were released as direct 
mutants and 667 were mutant derivatives. In the legumes a total of 311 
mutant varieties have been developed so far by mutagenesis 
(Maluszynski, et al., 2000). The polygenic traits viz. grain yield, early 
maturity, plant type, quality characters, grain quality, abiotic stress and 
biotic resistance have been improved by mutagenesis (Jain, 1975; 
Verma and Singh, 1984; Sarkar and Sharma, 1987; Kharkwal, 1996). 
These findings indicate that mutagenesis is a potential tool to be 
employed in crop improvement. 
In chickpea, induced mutagenesis has been attempted by several 
workers both from the view point of academic interest and with the 
applied objectives (Mandal, 1974; Nerker and Mote, 1978, Kharkwal, 
1998a, 1998b, 1998c, 1999, 2001). Despite the release of different 
cultivars, chickpea production has not shown any significant increase 
over the last 2-3 decades which is disappointing keeping in view the 
increasing human population particularly in developing countries that 
has led to a sharp decline in per capita availability of proteins. 
Therefore, there is the need to intensify the efforts for further 
improvement in the quality and quantity of food legumes especially 
chickpea to achieve food and nutritional security successfully. 
1.5 Objectives 
The long time use of conventional methods in plant breeding has 
resulted in significant decline in genetic variability in chickpea. Unlike in 
cereals, reports on induced mutagenesis in this crop are scanty. The 
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information on relative specificity and recovery of mutations is a pre-
requisite for practical mutation breeding. Mutagens have remarkable 
potential of improving plants in terms of qualitative and quantitative 
characters. In present studies attempts have been made to find out the 
possibility of inducing alterations in the genotype to enhance genetic 
variability and increase the yield potential of chickpea through the 
application of chemical mutagens. 
The main objectives of the present studies are: 
1. To study the effect of different mutagenic treatments of 
ethylmethane sulphonate (EMS) and methylmethane sulphonate 
(MMS) on various biological parameters of chickpea varieties 
GNG-469 and BG-372 in M, generation. 
2. To investigate into the meiotic behaviour of chromosomes after 
treatment with chemical mutagens (EMS and MMS). 
3. To evaluate the induced variations in M| generations. 
4. To find out the mutagenic potentials of \>NO alkylating 
agents i.e. EMS and MMS. 
m 
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REVIEW OF LITERATURE 
2.1 Origin of Chickpea 
Chickpea {Cicer arietinum L.) is an old world pulse crop grown 
mainly in Central and West Asia, South Europe, Ethiopia and North 
Africa. Carbonized seeds of chickpea that have been unearthed in 
various archeological sites throughout the Middle East indicate the use 
of this legume in early days of Neolithic revolution together with the 
cereals (wheat and barley) and the pulses-pea and lentil (Helback, 
1959; Holf, 1969; Vanzeist, 1972). According to Vavilov (1951) and his 
colleagues, India and the IVIiddle East form the primary centre of origin 
of most of the important legumes. The chickpea was known to the 
Greeks in Hoomer's time under the name Erebenthus and to the 
Fiomans as Cicer. The existence of other widely different names shows 
that it was known very early and is perhaps indigenous to South East 
Europe, it is supposed that chickpea was cultivated in Egypt from the 
earlier times of Christian era and was introduced into Egypt from 
GJreece and Italy. It is believed to have originated in the tracts lying 
between Caucasus and Himalayas where from it spread to Southern 
Europe, Persia, Egypt and India. It has also been introduced into parts 
of Central and Southern America, Australia and Africa. 
Middle East is considered as the homeland for several annual 
wild chickpeas. Three species viz; Cicer jaudaicum Boiss., 
C. pinnatifolium Jaub et Spack and C. bijugum Rech known from that 
area have the same chromosome number (2n=16) as that of the 
cultivated species (Vander Maesen, 1972). However, morphologically 
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and according to their seed protein profile, these species are apparently 
unrelated to the cultivated chickpea (Ladizinsky and Alder, 1976). 
Later on two new species reported in South East Turkey viz. 
C. echinospermum Davis (Davis, 1969) and C. reticulatum Ladiz. 
(Ladizinsky, 1975) were found closely related to cultivated species 
morphologically and by their seed protein profile which qualifies them to 
be considered as its possible progenitors. These two wild species 
C. echinospermum and C. reticulatum share the same morphological 
features as the cultivated chickpea with small differences. The 
cytological observations of the two species revealed the chromosome 
number (2n=16) with 8 bivalents being formed regularly at meiosis. The 
cytogenetic relationships between these two wild species and the 
cultivated chickpea {Cicer arietinum L.) was studied with the help of 
interspecific crosses, which brought about a new information regarding 
the origin of cultivated chickpea (Ladizinsky and Alder, 1976). The 
interspecific crosses between two wild chickpea species C. reticulatum 
and C. echinospermum confirmed them as two different biological 
species, differing from each other by a major reciprocal translocation 
and having sterile hybrids. C. echinospermum also differed from the 
cultivated species by the same reciprocal translocation and developing 
a highly sterile hybrid. However, the presence of regular meiosis and 
fertile hybrid between C. reticulatum and C. arietinum indicated a 
remarkable similarity between the genomes of the two species. The 
hybrids obtained by crossing behaved normally like other interspecific 
hybrids of C. arietinum. Therefore, C. reticulatum could be considered 
the wild progenitor of the chickpea i.e. C. arietinum (Ladizinsky and 
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Alder, 1976). The genetic relationship in the genus Cicer was also 
revealed by polyacrylamide gel electrophoresis of seed storage protein 
(Ahmad and Slinkard, 1992). C. reticulatum was found to be closest 
relative of C. arietinum followed by C. echinospermum and other 
species whereas C. cunneatum was the farthest relative. Thus the 
assumption that C. reticulatum is the wild progenitor of cultivated 
chickpea got further support. Kabir and Singh (1991) and Ohri and Pal 
(1991) also supported the similar view about origin of chickpea. 
The genus Cicer L. of tribe Cicereae, best known by the globally 
important cultivated species C. arietinum L. comprises of 42 related 
species other than C. arietinum L. of which 8 are annual, 33 perennial 
and one species of as yet unspecified life cycle (Vander Maesen, 1987). 
All the species of Cicer so far studied have revealed a diploid 
chromosome number 2n=16 (Ahmad, 2000). The related wild species 
are an immense reservoir of useful genetic traits (Singh and Robertson, 
1998) and attempts are already in progress to exploit it for the genetic 
improvement of cultivated chickpea (Singh and Ocampo, 1997). An 
understanding of the genetic and cytological makeup of the related wild 
species would be beneficial in their utilization in genetic improvement of 
chickpea. 
2.2 Induced mutagenesis and crop improvement 
With the discovery of mutagenic role of ionizing radiations (Muller, 
1927) and some chemicals (Auerbach and Robson, 1942), a significant 
breakthrough was achieved by the scientists in understanding the 
mechanism of mutagenesis and its applied aspects for the benefit of 
mankind. The discovery revolutionized the field and scientists all over 
the world initiated the research activities at a tremendous pace to 
explore all the possibilities of induced mutagenesis for the improvement 
of crop. Induced mutations are considered as an alternative to naturally 
occurring genetic variations, that serve as a source for crop 
improvement programmes and also to hybridization in plant breeding. 
Mutagens have immense potential of improving plants with regards to 
their quantitative and qualitative characters. The improvement in yield 
(Brock, 1965; Gregory, 1968), adaptability (Gustaffson, 1965), maturity 
time (Brock, 1970), disease resistance (Yamasaki and Kawai, 1968; 
Yamaguchi and Yamashita, 1979) and various other traits 
(Sigurbjornson and Micke, 1969) has been reported with the application 
of induced mutagenesis. The extent to which induced mutations provide 
a useful alternative to the natural variation as a source of germplasm for 
the improvement of such traits is largely determined by the importance 
of linked groups of genes and the degree to which natural selection has 
build up linked gene complexes of adaptive significance in the naturally 
occurring population (Brock, 1971). For strengthening plant improvement 
programmes, the generation of genetic variability through induced 
mutagenesis stands pre-eminent. The efficiency and effectiveness of 
various chemical and physical mutagens in inducing mutations varies. 
Therefore, right from the beginning of their discovery, objective of utmost 
concern was to find out the specific concentration/dose for treatment so 
as to induce high magnitude of useful mutations. Various methods have 
been made to determine the most effective and efficient mutagens and 
treatments for the induction of desirable characters in a cultivated crop. 
As a result, an extensive array of highly effective mutagens are now 
available. The relative ease of application of chemical mutagens has 
made an unprecedented surge of interest in the artificial induction of 
mutations (Reddi and Suneetha, 1992). The most extensive attempts to 
alter the spectrum of mutation and to achieve some degree of mutagen 
specificity in higher plants have been with chlorophyll deficient mutations 
because of their easy detection and frequent appearance after 
mutagenic treatment (Milan, 1967). Some of the monofunctional 
alkylating agents such as ethylmethane sulphonate (EMS) in particular, 
have been shown to be more efficient in induction of mutation than 
radiation. Among the alkylating agents, those which alkylate N-7 more 
than 0-6, such as dimethyl sulphate (dMS) or methylmethane sulphonate 
(MMS) are more efficient in inducing chromosome aberrations than 
those which alkylate preferentially 0-6 such as ethylmethane sulphonate 
or isopropylmethane sulphonate (Natarajan, 2002). 
Alkylating agents are the most extensive and important group of 
mutagens bearing one or more reactive alkyl groups capable of being 
transferred to other molecules at positions where the electron density is 
sufficiently high. These cause alkylation of phosphate group of DMA as 
well as bases. The mutagens of this group namely ethylmethane 
sulphonate (EMS), methylmethane sulphonate (MMS), diethyl sulphate 
(dES), ethyleneimine (El), N-nitroso-n-methyl urea (NMU) have been 
extensively used in induced mutagenesis and NMU has been reported 
as most effective (Rapoport, 1962 and 1963; Swaminathan, 1966). 
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Mutagens have the effect on metabolism and influence the 
activity or synthesis of enzymes and growth regulators (Khanna and 
Meharchandani, 1980; Jain and Khanna, 1987). Such harmful effects of 
mutagens lead to various forms of physiological expression of damage 
such as retarded plant growth,induction of mutations, sterility and death. 
Mutagen induced biochemical and physiological changes during seed 
germination have been reported by Inoue et al. (1975) in rice and 
Khanna (1988, 91) in chickpea. 
With the findings of Gottschalk et al. (1975); Gottschalk (1978a, 
1978b); Gottschalk and Wolf (1983); Sharma (1985) and Khan (1986), 
the knowledge regarding fundamental aspects of the mutational process 
and the mechanism of action of various mutagens has flourished. 
Though there are several unanswered questions regarding the 
classification and mechanism of action of chemical mutagens, yet a 
more comprehensive account of them was given by Sharma (1985). 
2.3 Dose Effect/L.D-50 
The properties of the mutagenic agent and the biolpgical material 
under study govern the specificity of the mutagenic dose required for 
obtaining high mutation efficiency. The dose effect of mutagenic 
treatment takes into account several parameters such as dose rate, 
concentration, duration of treatment, temperature and hydrogen ion 
concentration (pH). Lethal dose (LD-50) provides information regarding 
the dose specificity of the mutagen while performing an experiment on 
induced mutagenesis. In chickpea different LD-50 values for EMS have 
been reported and it is observed that different varieties of chickpea 
have different LD-50 (Singh, 1988; Kharkwal, 1981). The varying 
response of different chickpea varieties is attributed to their differential 
radio-chemosensitivity. A decline in the survival of the mutated 
population has been found associated with an increase in the dose of 
mutagen (Farooq and Nizam, 1979; Singh, 1988), which is expected to 
have resulted from cytogenetic damage and/or physiological 
disturbances as was also reported by Sato and Gaul (1967). 
Chemical mutagens in general and alkylating agents in particular 
have been found to have dose specific effect in inducing mutations and 
the lower doses have proved to be more effective (Reddi and Suneetha, 
1992; Nandanwar et al., 2001). EMS has been shown to have a dose 
related induction in seed germination and pollen fertility (Nerker, 1970; 
Rao and Laxmi, 1980; Gautam et al., 1992). Dose linked effectiveness 
of EMS was noted in chickpea in terms of germination, reduction in 
pollen fertility, chlorophyll mutations and seedling height (Kalia et al., 
1981; Kharkwal, 1981; Khanna, 1991; Gumber etal., 1965). 
In order to enhance mutation rate and also to alter the spectrum 
of mutations, many variations in treatment methodology have been 
practiced by different workers. Chemical mutagen treatments have been 
given to dry as well as soaked seeds, seedlings at different 
developmental stages, different phases of cell cycle at variable 
temperature and ionic concentrations (Chopra and Pai, 1979). 
Ramanna and Natarajan (1965) studied the mutagenic efficiency of 
certain alkylating agents under different treatment conditions of 
temperature and hydrogen ion (pH) concentration in barley. They 
29 
concluded that factors such as concentration and diffusion of mutagen, 
rate of hydrolysis and the influence of alkylating and non-alkylating 
groups of the chemical play a significant role in determining the 
mutagenicity of the compound. 
2.4 Mutagenic sensitivity 
It is a well established fact that same mutagen dose can cause 
different degree of effect in different species depending upon the 
sensitivity of the concerned genotype towards the mutagen. The first 
report of varying mutagenic sensitivity among different genotypes was 
put forward by Gregory (1955) in groundnut and Lamprechet (1956) in 
peas. Prasad and Das (1980a) studied the mutagenic sensitivity of 
gamma rays and methylmethane sulphonate (MMS) in different 
varieties of Lathyrus sativus L. They observed differential mutagenic 
response in terms of chlorophyll mutations. Similar varietal differences 
v/ere recorded in the production of non-viable chlorophyll mutations in 
Nigella sativa (Mitra and Bhowmik, 1999) following gamma ray and 
ethylmethane sulphonate (EMS) treatment. 
Venkatachalam and Jayabalan (1995) while using EMS, 
sodiumazide (SA) and X-rays, found distinct varietal difference in 
groundnut {Arachis hypogaea). Distinct varietal response to NMU and 
gamma rays in Vigna radiata was observed by Singh and Chaturvedi 
(1980), Geetha and Vaidyanathan (1997) observed different phenotypic 
response of two soybean cultivars to ethidium bromide and gamma 
rays. Differences in radiosensitivity were also reported by Khan (1999) 
in blackgram, Nerker (1976) in Lathyrus sativus. Akbar et al. (1976) 
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concluded that difference in radiosensitivity may be due to differences in 
their recovery process involving enzyme activity. In chickpea Kharkwal 
(1998a) reported that varieties of desi type v\/ere more resistant towards 
mutagenic treatment than Kabuli and green seeded. The observations 
regarding mutagenic response to cytology have been reported by many 
workers (Rao and Laxmi, 1980; Suganthi an Reddy, 1992). Mitra and 
Bhowmik (1996) observed no varietal difference with regards to meiotic 
index as well as meiotic abnormalities in Nigella sativa L. Both the 
cultivars of Nigella sativa L. were found equally radiosensitive. Ahmad 
(1978), Ahmad and Godward (1981) reported radiosensitivity in nine 
cultivars of chickpea out of these, two cultivars CSIMF and F10 were 
identified as the most radioresistant and radiosensitive respectively. 
Kharkwal (1981) reported mutagenic sensitivity of 4 varieties of 
chickpea on the basis of total germination rate, seedling damage, pollen 
sterility and plant survival. 
In general, the varieties with large assortment of recessive alleles 
governing traits show greater sensitivity and frequency of M2 mutants 
than variety having more dominant alleles governing a trait (Gelin et al., 
1958; Blixt, 1970). The mechanism governing sensitivity to chemical 
mutagens and X-rays have been reported to be different from those 
determining sensitivity to gamma rays (Sokolov and Balchunene, 1977). 
2.5 Bioiogical damage 
Different researchers have evaluated the effect of chemical 
mutagens on different biological parameters like germination, survival, 
injury, sterility etc. Reduction in seedling height following treatment with 
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EMS and X-rays was observed in barley (Sharma, 1970). Gupta and 
Yashvir (1975) reported a radioprotective effect of EMS on 
Abelmoschus esculatus. The combined treatment of X-ray and EMS 
shov\/ed higher germination percentage than in corresponding EMS 
treatment. Khalatkar and Bhatia (1975) studied the effect of gamma 
radiations, EMS and their combination on Mi parameters in barley. 
Seedling injury, chromosome aberrations, pollen and seed sterility v\/ere 
found less in combined treatments than in the separate treatments. 
Gamma rays were reported to inhibit the uptake of EMS due to the 
generalized action of radiation on metabolic process in the cell. Singh 
and Chaturvedi (1980) reported mutagen induced damage such as 
plant injury and lethality in the Mi generation arise due to physiological 
and chromosomal mutations. 
A direct relationship of pollen and ovule sterility with EMS doses 
was observed by Gautam et al. (1992) in Vigna mungo which increased 
with higher mutagenic doses. Rapoport (1966) has referred to 
mutagens belonging to nitroso group as super mutagens in view of their 
higher mutagenic effect. Kharkwal (1981) reported that EMS treatment 
had caused higher sterility than X-rays in chickpea. 
2.6 Induction of cytological abnormalities 
Cytogenetic studies are important for obtaining information 
regarding the role and effect of various mutagens and elucidating the 
response of various genotypes to a particular mutagen (Reddy and 
Annadurai, 1992). Estimation of cytological abnormalities and their 
magnitude during mitosis or meiosis is most convenient for evaluating 
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the effect of a mutagen. It also enables to assess radiosensitivity of 
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plant to a mutagen. Chromosomal aberrations have long been 
recognized to be an important biomarker of plant exposure to ionizing 
radiations and mutagenic chemicals. Mutagen induced chromosomal 
aberration have been reported by many workers in different plants such 
as Vicia faba (Natarajan, 2002), chilli (Mesharam and Humme, 1984), 
pea (Kaloo, 1972), Triticale (Pushpalatha etal., 1992), lentil (Reddy and 
Annuduri, 1992), barley and wheat (Swaminathan et al., 1962, Reddy 
et al., 1991). Most of these researchers observed dose dependent 
increase in the frequency of chromosomal abnormalities with respect to 
mutagenic treatment. 
Dhamayanthi and Reddy (2000) found that EMS was more 
effective in inducing meiotic irregularities than gamma rays treatment. A 
dose dependent increases in meiotic anomalies was obtained with all 
the mutagenic treatments. Laxmi et al. (1975) reported different meiotic 
abnormalities like chromatin bridges, laggards, fragments, cytomixis, 
tripolar division, inversion, micronuclei and unequal separation of 
chromosomes in pearl millet following treatment with EMS and gamma 
rays. Lagging chromosomes and unequal separation of chromosomes 
were frequent than other anomalies, increase in the frequency of 
meiotic anomalies with the increase in dose and duration of mutagen 
was reported by Suganthi and Reddy (1992). Similar results were also 
reported in Ternera ulmifolla (Tarrar and Dnyansagar, 1980a) after 
treatment with EMS and gamma rays, in addition to other meiotic 
aberrations, Venkateshwarlu etal. (1988) observed tetrad abnormalities 
like monads, dyads, triads and polyads, with the EMS treatment. Dose 
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dependent decrease in pollen fertility was reported in Vigna radiata 
(Ignacimuthu and Sakthivel, 1989) following treatment with X-ray and 
EMS. They observed a significant and positive correlation between 
chromosomal abnormalities and pollen sterility. 
2.7 Mutagenic effectiveness and efficiency 
The effectiveness and efficiency of a mutagen are of prime 
importance in mutation breeding. Mutagenic effectiveness is a measure 
of frequency of mutation induced by unit mutagenic dose, whereas, 
mutagenic efficiency is the measure of proportion of mutations in 
relation to undesirable changes like lethality, injury, sterility, mitotic and 
meiotic chromosome aberrations etc. The method of calculating 
mutagenic efficiency and effectiveness were suggested by Konzak et al. 
(1965) and Walter (1969). 
Effectiveness and efficiency of different mutagens vary distinctly. 
Ethyleneimine has been reported to be more effective and efficient than 
X-rays (Blixt, 1964), whereas NMU has been reported to be superior to 
ethyleneimine and gamma rays in effectiveness and efficiency (Dubeiyi 
e^  al., 1975). MMS recorded the higher mutagenic effectiveness in rice 
(Rao and Rao, 1983) whereas, gamma rays were found to be more 
efficient than EMS in chilli (Rao et al., 1991). Minocha and Arnason 
(1962) found MMS more efficient than EMS in inducing mutations. 
Chemical mutagens had proved to be more effective in causing 
mutations as compared to gamma rays and combined treatments 
(Swaminathan e^  al., 1962). Jagtap and Das (1976) studied the 
effectiveness and efficiency of four monofunctional alkylating agents 
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(EMS, dES, MES, and El) in barley, dES was found more efficient than 
the rest in relation to lethality only whereas MES was the most efficient 
in relation to sterility as well as in producing high frequency of mutants 
per mutation. On the other hand the factor of effectiveness i.e. mutation 
per 100 treated seeds was high in ethyleneimine. It has been reported 
that among the monofunctional mutagens, methylating agents are more 
toxic and thus need to be used only at lower concentration (IAEA, 
1970), as against ethylating agents that are reported to be less toxic 
and can be applied at relatively high concentrations to yield more 
mutation at equimolar concentrations. 
Comparative mutagenic effectiveness and efficiency of physical 
and chemical mutagens in chickpea has been reported by Kharkwal 
(1998a). Chemical mutagens have been found to be more efficient in 
inducing chlorophyll as well as viable and total number of mutation. 
NMU in particular was found effective as well as efficient than gamma 
rays and EMS. 
2.8 Chlorophyll mutations 
The most extensive attempts to alter the spectrum of mutation 
and to achieve some degree of mutagen specificity in higher plants 
have been with chlorophyll deficient mutations because of their ease in 
detecfion and frequent appearance after mutageic treatment (Milan, 
1967). Chlorophyll mutations are considered to be one of the most 
dependable indices for evaluating the genetic effect of different mutation 
in several crops (Gustaffson, 1951) and are used as genetic markers in 
basic and applied science (Reddy and Gupta, 1989). Different types of 
28 
chlorophyll mutation such as albina, xantha, viridis maculata, straita, 
chlorina, alboviridis, Tigrina etc. have been reported to be induced in 
several crops with the application of physical and chemical mutagens 
(Swaminathan e^  a/., 1962; Goud et al., 1970; Bhan and Kaul, 1976; 
Venkatarajam et al., 1984; Reddy and Annadurai, 1991; Singh et al., 
2000). 
Prasad and Das (1980a) observed different types of chlorophyll 
mutations viz., albina, xantha, alboxantha, xanthaalba, alboviridis, 
virescence, chlorina, albescence, tigrina and maculata in six varieties of 
Lathyrus satlvus L. The spectrum of chlorophyll mutations was found to 
be dependent on the genetic background of the genotypes. Moreover, 
chlorophyll mutation frequency increased with increase in dose of 
gamma rays both individually as well as in combination with EMS in all 
varieties. Contrary to this Mitra and Bhowmik (1999) reported that lower 
dose of gamma rays and EMS showed wider spectrum of chlorophyll 
mutations in Nigella sativa L. Sharma (1970) reported that chlorophyll 
mutation frequency decreased at higher dose when calculated on the 
basis of segregating Mi families. However, on the basis of M2 plants a 
progressive increase with the increase in EMS dose was observed. 
Several workers have reported different varietal responses for induction 
of chlorophyll mutations (Prasad & Das, 1980a; Singh e^ al. 1999; Das 
and Kundangrami, 2000). Sharma and Sharma (1981) observed no 
varietal or mutagenic difference with regards to the spectrum and 
relative proportion of chlorophyll mutations. 
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Chemical mutagens in general have been reported to be more 
effective than physical mutagens in inducing maximum chlorophyll 
mutation (Venkateswarlu et al., 1988; Reddy and Gupta, 1989; 
Kharkwal, 1998a; Singh et al., 2000). Higher chlorophyll mutation 
frequency has been reported in chickpea by different workers around 
200-400Gy gamma rays and 0.3% EMS (Nerker and Mote, 1978; 
Kharkwal, 1980; Singh, 1988). EMS has been reported to induce 
maximum frequency of chlorophyll mutants than MMS in rice (Reddi 
and Suneetha, 1992). In chickpea all types of chlorophyll mutation 
including albina, which is believed to be induced at high frequency by 
ionizing radiation (Gustaffson, 1963) were in general more frequent in 
EMS treatment than gamma-rays (Singh, 1988). Kharkwal (1998a) 
reported highest frequency of albina followed by chlorina and xantha 
after treatment with physical and chemical mutagens in chickpea. A 
marked variation in the frequencies of various types of chlorophyll 
mutations in different varieties with different mutagens exists. 
2.9 Mutations affecting plant morphology 
Plant morphology plays a vital role for attempting selection in 
plant breeding to screen desirable plant types. A large number of 
morphological mutations induced through mutagenesis have been 
reported in different plants. These mutations may lead to alterations in 
the morphology of various plant parts. Singh (1988) isolated 25 types of 
morphological mutants for plant habit, stem, leaf, height, flower and 
seed characters. Generally physical mutagens induced more 
morphological mutations and chemical mutagens induced more 
30 
chlorophyll mutations (Gaul, 1960 and 1964). Contrary to this Singh et 
al. (1978) observed that EMS induced marginally more morphological 
mutations than gamma rays. Pleiotropic effect of morphological 
mutations was reported by Deshmukh et al. (1972). According to Blixt 
(1972) morphological changes are either as a result of pleiotropic gene 
action or of cryptic chromosomal deletions. Variation In size, texture, 
type and modification of leaf parts have been reported by many workers 
(Patil, 1966; Venkatarajam and Subash, 1986). Several workers have 
also reported mutants for plant height, maturity period, branching, seed 
and pod mutants (Raisinghani and Mahna, 1994 in Vigna mungo; 
Kumar et al., 1996 in barley; Mary and Jayabalan, 1995 in Sesamum 
indicum; Gaur and Gour, 1999 in chickpea). Singh et al. (1999) isolated 
several macromutations affecting different morphological characters in 
Vigna mungo L. after treatment with gamma rays and EMS. The 
frequency of viable mutations has been found to increase in the higher 
dose of EMS, NaNs and their combinations with gamma rays (Thakur 
and Sethi, 1995). Sharma (1970) reported synergistic effect for viable 
mutations at lower combination treatments as against the additive effect 
observed at the higher doses. 
In chickpea, morphological mutants for leaf shape, plant habit 
(Kharkwal, 1981) growth habit maturity, seedling size (Vannirajan e^  a/., 
1993), seed weight and total pods per plant (Khanna, 1981) and 
flowering period (Haq e^  al., 1989) have been isolated. A wide range of 
mutants effecting plant habit, distribution of pods, seed size and shape, 
earliness and resistance to Ascochyta rabei were obtained in chickpea 
after treatment with EMS and gamma rays. 
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2.10 induced variability for quantitative traits 
The quantitative traits are polygenic characters where different 
genes have little but additive effect on the phenotype of the trait. The 
quantitative variations for yield and yield related traits are of main 
concern to a plant breeder in crop improvement programme. The role of 
mutation breeding in increasing genetic variability for polygenic traits in 
a number of crops has been found promising (Khan, 1984; Chopra and 
Sharma, 1985; Ignacimuthu and Babu, 1993, Solanki and Sharma, 
1999). The significance of micro mutation in the evolution was first 
recognized and emphasized by Baur (1924) and later it has been 
studied by many workers in different crop plants. Gaul (1965) has 
emphasized the significance of micromutation in plant breeding by 
stating that all the morphological and physiological characters are 
effected by micromutation and they might have higher mutation rates 
than the macro mutations. Encouraging results have been reported 
about the induction of useful quantitative variability in different crop 
plants (Gustaffson 1963) in barley; Gaul and Aastveit (1966) in wheat; 
Ramulu (1974) in Sorghum, Shah et al. (1986) in chilli, Khan (1984) and 
Tikoo and Chandra (1999) in mung bean and Singh et al. (2000) in 
urdbean etc. In chickpea different workers have reported increasing 
variability for different agronomic characters in mutagens treated 
population as observed by significant change in the mean and 
coefficient of variability in comparison to control. Majority of the results 
suggest a negative shift (Nerker and Mote, 1978; Sharma and Sharma 
1982; Singh, 1988) although in some cases positive shift was also 
observed (Mandal, 1974; Kuamref a/., 1981). 
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2.11 Desirable mutants 
One of the important aspects of induced mutagensis is isolation of 
desirable mutants showing improvement over parent genotype for 
different characters of interest. Induced variability for protein content in 
different crops has been reported by Singhal et al. (1978) in bread 
wheat, Doll (1972) in barley, Farooq and Nizam (1979) in chickpea. 
Kharkwal (1998c) induced wide range of variability for crude protein 
content in chickpea through treatment with physical and chemical 
mutagens. Shaikh et al. (1982) isolated high yielding and high protein 
mutant in chickpea following X-ray treatment. Increased seed protein 
content due to mutagenic treatments was also reported by Abo-Hegazi 
(1980). Since there is ever increasing demand for improvement of yield 
in pulses including chickpea, mutant for increased yield have also been 
reported which showed higher yield in comparison to normal cultivars 
(Kharkwal, 1983; Khan 1984; Rao, 1988; Hussan and Khan, 1991). 
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MATERIALS AND METHODS 
3.1 Materials 
3.1.1 Varieties used 
Two commercial varieties of chickpea (Cicer arletlnum L.) namely 
GNG-469 and BG-372 were used in the present study. Both the 
varieties are well adapted to agro-climatic conditions of Uttar Pradesh 
and are generally cultivated in Aligarh district and in the area where 
studies have been conducted. A brief description of the two varieties is 
given below. 
3.1.1.1 Variety GNG-469 
Semi-erect, leaves compound, ovate, dark green with pink 
flowers. Pods oval, seeds bold, smooth, brown in colour. The variety is 
Ascochyta blight tolerant and has shown desired improvement in 
stability of chickpea yield in Punjab, Haryana and parts of Rajasthan 
and Western Uttar Pradesh. 
3.1.1.2 Variety BG-372 
Semi spreading leaves compound, ovate, green with pink 
flowers, pods medium, seeds small, Vi/rinkied, light brown in colour. The 
variety is early maturing and thermo-insensitive and has made it 
possible to grow chickpea as a successful crop after harvest of the rice 
in Indo-gangetic plains. 
The certified seeds of the two varieties of chickpea were obtained 
from Govt. Seed Store, Aligarh (U.P.). 
3.1.2 IVlutagens used 
The following two chemicals mutagens with varying 
concentrations were used in the present investigation. 
3.1.2.1 Ethylmethane sulphonate (EMS, CH3OSO2C2H5) 
EMS (Sigma Ltd.) a monofunctional alkylating agent was used in 
different concentrations for treatment of presoaked tiealthy and bold 
seeds of both the varieties of chickpea. 
3.1.2.2 Methylmethane sulphonate (MMS, CH3OSO2CH3) 
MMS (Sigma Ltd.) of varying concentrations was also used for 
treatment of presoaked healthy seeds of both the varieties of chickpea. 
The alkylating agents such as methylmethane sulphonate and 
ethylmethane sulphonate (MMS and EMS) have several effects on 
DNA. One major mechanism of mutagenesis by alkylating agents 
involves the transfer of methyl or ethyl group to the base, altering their 
base pairing potential, causing transition. Some base alkylation 
products activate repair processes resulting in occasional errors which 
may lead to transversion and frame shift mutations. 
Alkylating agents are the most important chemicals, which have 
been investigated extensively for mutagenicity and clastogenicity 
(chromosome breaking) in 1960s and 1970s. Most of the earlier data are 
derived from experiments using plant cells and a good summary of these 
studies was made by Loveless (1966). One of the important 
observations of the earlier studies was that the aberrations induced by 
alkylating agents are distributed non-randomly among the chromosomes 
in Vicia faba root tip cells. The hetero-chromatic regions were found to 
be more often involved in exchanges than euchromatic regions 
(Revell,1953 and Ockey, 1960). This bias was interpreted to be due to 
the late replication of these regions, somatic association of 
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chromosomes (Rao and Natarajan,1967) and base composition of these 
regions (Natarajan and Upadhya, 1964). 
Among the alkylating agents, bifunctional agents are more 
efficient than monofunctional ones in inducing chromosome aberrations 
in plant cells (Loveless, 1966). Monofunctional alkylating agents can be 
characterized by their reactivity to nucleophilic centre in DNA which can 
be described by Swain-Scott substrate constant(Swain and Scott, 1953). 
There are two types of aikylation that can occur in DNA, namely base 
and phosphate aikylation. The N-7 guanine is more nucleophilic than 0-
6 atom of guanine and phosphate group. The agents which alkylate N-7 
more than 0-6, such as dimethyl sulphate or methylmethane sulphonate 
(MMS) are more efficient in inducing chromosome aberrations than 
those which alkylate preferentially 0-6 such as ethylmethane sulphonate 
or isopropyl methane sulphonate in plant cells (Vogel and Natarajan, 
1982). 
3.2 Methods 
3.2.1 Preparation of mutagenic solution 
One percent stock solutions of both EMS and MMS were 
prepared in the buffer having pH 7.0. This freshly prepared stock 
solution was used to prepare different concentrations of both the 
mutagens using the formula SiVi=S2V2, where, 
Si:. Strength of the stock solution 
V i . Volume of the stock solution 
S2 = Strength of desired solution 
V2 = Volume of the desired solution 
36 
The different concentrations of the mutagenic solution used for 
treatment were 
EMS: 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, o.6%, 0.7%, 0.8% 
MMS: 0.01%, 0.02%, 0.03%, 0.04%, 0.05%, 0.06%, 0.07%, 0.08% 
3.2.2 Treatment of seeds 
The bold and healthy seeds were presoaked in distilled water for 
12 hours at room temperature (25+1 °C) before subjecting them to 
mutagenic treatment. The presoaked seeds were surface dried on 
blotting paper to remove the water droplets attached to the seed coat. 
The seeds of both the varieties were treated with different 
concentrations of the two mutagens for 8 hours separately. The 
untreated seeds were maintained as controls in all the four sets of the 
treatments. During mutagenic treatment, intermittent shaking was given 
throughout the treatment period to facilitate sufficient aeration. The 
seeds were placed in sufficient quantity of mutagenic solution to ensure 
uniform absorption. After the expiry of the treatment time the treated 
seeds were thoroughly washed in running tap water to remove the 
excess mutagenic solution from the surface of the seeds, prior to 
sowing (Table 6). 
3.2.3 Sample size 
For each dose/treatment including control a set of 40 seeds was 
used for each variety. Out of 40 seeds, 20 treated seeds in each case 
were sown in the pots for morphological and cytological studies and the 
remaining set of 20 seeds was placed in petriplates on moist cotton for 
measuring root-shoot lengths. The petriplates were kept in B.O.D. 
incubator at 25+1° C temperature. 
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Table 6. Details of mutagenic treatments given to chickpea seeds 
Mutagen 
used 
Control 
EMS 
1 
MMS 
Dose/cone. 
(%) 
Dist. water /buffer 
0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.01 
0.02 
0.03 
0.04 
0.05 
0.06 
0.07 
0.08 
Duration of 
presoaking 
(h) 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
12.0 
Duration of 
treatment 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
8.0 
PH 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
Number 
of seeds 
treated 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
3.2.4 Seed sowing in the field 
The treated as well as untreated (control) seeds were sown in 
four replicates (5 seeds in each pot) in rabi season (October) of 2002 in 
the net house of Botany Department A.M.U., Aligarh. The pots were 
suitably filled with the finely prepared soil and maintained in spacious 
rows to provide adequate space and sunlight, necessary for raising a 
good crop. 
3.3 Evaluation of M| generation 
A detailed study of induced mutagenesis in the two varieties of 
chickpea by alkylating agents was undertaken using following 
parameters. 
3.3.1 Seed germination 
Seed germination was recorded daily immediately with 
emergence of first shoot in each treatment as well as control in the pots. 
The germination data obtained was utilized in calculating percentage of 
seed germination and inhibition, using the following formula. 
Number of seeds germinated 
Germination (%) = x100 
Number of seeds sown 
Germination in control-Germination in treatment 
lnhibition(%) = x100 
Germination in control 
3.3.2 Seedling height (cm) 
The height of the seedlings was estimated on 7'*^  day of 
germination by measuring root and shoot length of 10 randomly 
selected seedlings from each treatment as well as control. The seedling 
38 
injury was calculated as percentage of root and shoot injury by 
measuring reduction in root and shoot length. 
Height in control-Height in treatment 
Percent injury = x100 
Height in control 
3.3.3 Plant survival 
The surviving plants in different treatments were counted at the 
time of maturity and the percentage of survival and injury was 
calculated by using the following formula 
Number of plants at maturity 
Survival (%) = xi00 
Number of seeds germinated 
Plants in control - Plants in treatment 
Percent injury = x100 
Plants in control 
3.3.4 Pollen fertility 
Early in the morning hours fresh and young flower buds from 5-8 
randomly selected plants were selected from each treatment including 
the control. Pollen grains were stained in 1% acetocarmine solution to 
determine pollen fertility. Pollen grains which took the stain and had a 
regular outline were considered as fertile, while the shrunken, empty 
and unstained pollen grains were taken as sterile. The calculation of 
pollen fertility (%) and pollen sterility (%) was done as under 
Number of fertile pollen 
Pollen fertility (%) = xi00 
Total number of pollen 
Fertility in control - Fertility in treatment 
Pollen sterility (%) = x 100 
(Reduction) Fertility in control 
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3.3.5 Cytological studies 
Cytological studies were carried out on pollen mother cells by 
fixing young flower buds from each treatment as well as control. The 
fixation was done to kill the tissue and arrest cell division without 
causing any harm or distortion to chromosomes. It increases staining 
capability and makes the chromosomies visible for detailed studies. 
Flower buds of appropriate size were collected randomly from 5-8 
plants of Mi generation in the morning hours and fixed in Carney's fluid 
for half an hour and then transferred to ferric acetate saturated 
propionic alcohol (3:1) for 24 hours. The buds were then washed with 
70% alcohol and stored in it. Acetocarmine squashes of pollen mother 
cells were made to study meiosis (Swaminathan et al. 1954). The slides 
were made permanent using n-butyl alcohol schedule (Bahadur! and 
Ghosh, 1954). Analysis of various stages of meiosis was done from 
slides chiefly at metaphase and anaphase stages. 
3.3.6 Studies on economic traits 
5-10 plants of each progeny from treated as well as control 
populations were selected for observation. The following quantitative 
characters were thoroughly studied in M| generation. 
3.3.6.1 Days to flowering 
Days to flowering, was counted from the date of sowing till first 
flowering appeared in 50% plants in the treatments. 
3.3.6.2 Plant height (cm) 
At maturity plant height was measured in centimeters from base 
up to the apex of the plant. 
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3.3.6.3 Days to Maturity 
The number of days taken by the plant from date of sowing to the 
date of harvesting was considered as days to maturity. 
3.3.6.4 Number of primary branches per plant 
The branches arising from main stem were counted in* each 
treatment as well as control. 
3.3.6.5 Number of pods per plant 
Number of productive pods were counted at maturity and noted 
as the number of pods borne on the whole plant. 
3.3.6.6 Number of seeds per pod 
The total number of seeds obtained from each individual plant 
and the number of pods bearing seeds was used to calculate mean 
number of seeds per pod. 
3.3.6.7 100-seed weight 
Randomly selected 100 seeds from the plants were weighed to 
determine the 100 - seed weight in a population. 
3.3.6.8 Total seed yield per plant (g) 
Individual plants were harvested separately and the seeds 
obtained were used to find out seed yield. 
3.4 Statistical analysis 
The data of quantitative traits obtained from field observations 
were statistically analysed to assess the extent of induced variation in 
Mi generation. Mean standard error, standard deviation and co-efficient 
of variation were calculated as per the standard statistical procedure. 
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3.4.1 Mean {x) 
The mean was calculated by taking the sum of the number of 
observations and dividing it by total number of observations recorded, 
thus 
X, 4-A-, + X„ 
X - • 
N 
n 
x- - '= ' 
where Xi, X2, Xn = observations 
N= Total number of observations taken. 
3.4.2 Standard deviation (S.D.) 
Standard deviation is the positive square root of the average of 
sum of squares of deviations of all observations from their means. It 
was computed as under 
s D= k^i ~^)" +(^2 -^)^ +iXi -x)' + + K -xY 
Or S.D.=JS^^1^ 
Where, S.D. = Standard deviation. 
I x = sum of all individual observations 
X = mean of all observations 
n= number of observations 
3.4.3 Standard error (S.E.) 
S.D. of sample 
S.E. = 
Where 
S.D. = Standard deviation 
N= number of observations. 
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3.4.4 Co-efficient of variation (CV%) 
It is the measure of relative magnitude of variation present in the 
observation related to their magnitude of arithmetic means. It is defined 
as the ratio of standard deviation to arithmetic mean expressed as 
percentage and has no unit. Coefficient of variation was computed by 
the formula 
Standard deviation 
CV{%) = X100 
Arithmetic mean 
S.D. 
Or CV(%) = x100 
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EXPERIMENTAL RESULTS 
The evaluation of mutagenic effects of alkylating agents (MMS 
and EMS) on two chickpea varieties i.e. GNG-469 and BG-372 was 
performed on seed germination, seedling height, plant survival, pollen 
fertility, meiotic abnormalities and various quantitative characters in Mi 
generation. 
4.1 Seed germination 
A significant decrease in seed germination was observed with the 
increasing concentrations of mutagens in both the varieties (Figs 3 to 
6). The maximum decrease in germination was recorded at the highest 
doses of the mutagens. In case of ethylmethane sulphonate (EMS) 
treatment the maximum inhibition was 52.63% and 47.36% at 0.8% 
EMS in vars. GNG-469 and BG-372 respectively. In case of 
methylmethane sulphonate (MMS), the maximum inhibitory effect on 
germination was 57.89% and 52.63% at 0.08% in vars. GNG-469 and 
BG-372 respectively (Tables 7 and 8). 
In general germination witnessed an antagonistic effect in the 
mutagenic treatments in both the genotypes. Chickpea var. GNG-469 
was found to be more sensitive to both the mutagens than var. BG-372. 
However, the effectiveness order was MMS > EMS in both the varieties. 
4.2 Plant survival 
The survival of the seedlings in both the varieties decreased with 
an increase in concentrations of both the mutagens (Figs.3 to 6). The 
lowest mutagenic treatments, showed maximum survival percentage, 
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whereas, minimum survival percentage was observed at highest 
treatments in both the mutagens. The highest lethality (34.02%) in the 
var. GNG-469 and 34.80% in the var. BG-372 was recorded at 0.8% 
EMS treatment. The mean values for survival percentage showed that 
maximum survival (84.21% in var. GNG-469 and 88.88% in var. BG-
372) was observed in case of EMS as compared to 94.73% and 89.47% 
respectively in controls. However, the maximum lethality (39.30% in var. 
GNG-469 and 39.38% in var. BG-372) was recorded in the populations 
treated with 0.08% MMS, while the maximum survival percentages 
(78.94% and 83.33%) were found in 0.01% treatment in both the 
varieties respectively (Tables 7 and 8). The order of effectiveness for 
lethality (%) was MMS > EMS in both the varieties. However, var. BG-
372 was more sensitive than var. GNG-469 with respect to survival 
percentage. 
4.3 Pollen fertility 
The pollen fertility in treated populations showed a decreasing 
trend with increasing concentrations of mutagens (Figs. 3 to 6) . In the 
other words it may be stated that pollen sterility increased with the 
increase in mutagenic doses. The maximum sterility was observed at 
the highest concentration of each mutagen. The maximum sterility 
recorded in vars. GNG-469 and BG-372 was 34.27% and 35.70% 
respectively in the populations treated with 0.8% concentration of EMS 
(Tables 7 and 8). In case of MMS treatment the highest sterility in GNG-
469 was 36.77% while it was 39.25% in BG-372 in the populations 
treated with 0.08% concentration of MMS (Tables 7 and 8). The 
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observations recorded on pollen fertility indicated that var. BG-372 was 
more sensitive to both the mutagens as compared to var. GNG-469 with 
respect to pollen fertility. 
4.4 Seedling height 
The mean values of seedling heights in terms of root-shoot 
lengths are presented in the Tables 9 and 10. 
A gradual decrease in the seedling height with the increasing 
doses of the mutagens was noticed in both the varieties. The maximum 
injury (44.17%) was found in var. GNG-469 treated with 0.08% cone, of 
MMS while it was 42.15% in 0.8% EMS treatment (Table 9). In case of 
var. BG- 372 the maximum injury (46.40%) was found in the population 
treated with 0.08% cone, of MMS while it was 45.10% in the population 
treated with 0.8% EMS (Table 10). The mean values of seedling height 
and percent injury indicated that MMS was more effective in both the 
varieties of chickpea. The coefficient of variation (CV%) for seedling 
height was higher in all the mutagenic treatments in both the varieties in 
comparison to control (Tables 9 and 10). Dose dependent increase in 
CV (%) was observed in all the cases. The highest CV (15.22%) was 
recorded in 0.8%) EMS treatment in var. GNG-469 as compared to 
control (Table 9). 
4.5 Cytological observations 
The control plants of two chickpea varieties viz. GNG-469 and 
BG-372 revealed 8 perfect bivalents (2n=16) at both diakinesis and 
metaphasel (Plate XIII, Fig.1 and Plate XV, Fig.1). Anaphase/telophase 
were almost normal (Plate XIII, Figs. 2 and Plate XV, Fig. 2). In control 
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as well as in treated materials analysis of diakinesis was found to be 
very difficult to interpret because of very short and highly condensed 
chromosome. 
Studies of PMCs of plants raised from the treated seeds showed 
more or less similar meiotic abnormalities in both the varieties. The 
frequencies of various types of meiotic anomalies found in each treated 
populations have been presented in the Tables 11 and 12. The overall 
frequency of meiotic aberrations in each treatment indicated maximum 
aberrations at metaphase-l in both the varieties treated with EMS and 
MMS. 
The mutagenic treatments resulted in a number of meiotic 
abnormalities at metaphase-l. The most frequent aberrations were 
stickiness or clumping of chromosomes, univalents, multivalents, 
laggards, bridges, cytomixis, disturbed polarity and micronuclei. In 
addition, a number of other anomalies such as precocious separation of 
chromosomes, non-orientation of chromosomes at anaphase were 
observed in low frequency. It is evident from the Tables that observed 
abnormalities increased with the increase in the doses of mutagens in 
both the varieties (Figs.7). 
4.5.1 Univalents 
The univalents ranged from 2-5 at metaphase-l (Plate XIII, Fig.9 
and Plate XV, Fig. 2). The highest frequency of PMCs (4.11%) showed 
univalents in var. GNG-469 treated with 0.08% of MMS whereas, the 
highest percentage of PMCs showing univalents (3.86%) was recorded 
in var. BG-372 treated with 0.08% of MMS (Table 11 and 12). 
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4.5.2 Multivalents 
Multivalents were seen in the form of trivalents, tetravalent, 
hexavalents or a chain of bivalents (Plate XIV, Fig. 5 and Plate XVI and 
Fig. 5) at the metaphase-l in the treated populations. Higher doses of 
both the mutagens induced higher chromosomal aberrations. Maximum 
frequency of pollen mother cells (2.88%) showing multivalents was 
observed in 0.08% MMS in var. GNG-469 while 2.61% of PMCs 
showed multivalents in var. BG-372 treated with 0.7% EMS (Tables 11 
and 12). 
4.5.3 Precocious separation 
Precocious movement of chromosomes at metaphase-l was also 
found in some PMCs (Plate XV, Fig. 7). The highest frequency of 
Precocious separation was 3.13% in the variety GNG-469 treated with 
0.08% MMS and it was 2.81% in the var. BG-372 treated with 0.08% 
MMS. 
4.5.4 Stickiness 
Stickiness or clumping of chromosomes was the common feature 
found at various stages of meiosis. The bivalents were found clumped 
either in one or different groups in PMCs, (Plate XIV, Fig. 8 and Plate 
XV, Figs. 11,12). The frequency of PMCs showing stickiness ranged 
from 0.70% to 4.91% and 0.68% to 5.9% in case of MMS; from 0.64% 
to 5.33% and 0.53% to 5.31% in case of EMS treatment in the var. 
GNG-469 and var. BG-372 respectively. 
4.5.5 Laggards 
Laggards were commonly observed in certain frequencies of 
pollen mother cells at anaphase and telophase stages in the treated 
populations (Plate XIII, Fig.11). Lagging chromosomes ranged from 1-5. 
The laggards were present either as univalents or as bivalents at 
anaphase and telophase stages. The maximum frequency of PMCs 
showing laggards (3.90%) was recorded in var. GNG-469 treated with 
0.8% concentration of EMS, whereas, 4.13% laggards were found in 
var. BG-372 treated with 0.08% concentration of MMS. 
4.5.6 Cytomixis 
Cytomixis was another most common abnormality observed in the 
PMCs of the treated populations in both varieties (Plate Xlll, Fig.9 and 
Plate XV Fig. 6). Cytoplasmic connections between two or sometimes 
between more than two PMCs were found at various stages of meiosis 
in treated materials. The chromatin materials were found migrating from 
one PMC to other through these connections (Plate Xlll Fig.9 and Plate 
XV, Fig. 10). The percentage of pollen mother cells showing cytomixis 
in both the varieties of chickpea treated with mutagens is presented in 
Tables 11 and 12. 
4.5.7 Bridges 
Chromatin bridges at anaphase and telophase stages were 
frequently observed in the treated populations (Plate XIV, Figs. 3,6 and 
Plate XVI, Fig. 7). The maximum frequency of pollen mother cells 
(3.71%) showing chromatin bridges was noticed in var. GNG-469 
treated with 0.08% concentration of MMS while 2.44% of PMCs in 0.8% 
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EMS treated population showed bridge formation. The frequency of 
cells showing bridges ranged from 0.92% to 2.66% in EMS and 0.90% 
to 3.68% in MMS treated populations of var. BG-372. 
4.5.8 Non-disjunction of bivalents 
Non-disjunction of bivalents was observed in some PMCs of treated 
populations. It was noticed that some of the bivalents failed to 
segregate and move to any one of the poles at anaphase-! (Plate XIII, 
Fig. 12). The maximum frequency of PMCs showing non-disjunction of 
bivalents was 2.63% in var. BG-372 treated with 0.08% concentration of 
MMS whereas, non-disjunction was 1.65% in population of var. GNG-
469 treated with 0.08% concentration of MMS. 
4.5.9 Unequal distribution of chromosomes 
The unequal segregation of chromosomes at anaphase-l was 
frequently observed in some pollen mother cells in both varieties treated 
with mutagens EMS & MMS (Plate XIII, Fig. 11 and Plate XIV, Fig. 12). 
Variety GNG-469 showed highest frequency (3.61%) in 0.08% MMS 
followed by 3.22% found in 0.8% EMS treated populations (Tables 11 
and 12). 
4.5.10 Disturbed polarity 
Disturbed polarity was commonly observed at anaphase II and 
telophase 11 stages of meiosis (Plate XIII, Figs. 7 &10). The higher 
concentration of both mutagens produced maximum frequency of PMCs 
with disturbed polarity. The highest frequency of disturbed polarity was 
3.91% in var. GNG-469 treated with 0.8% EMS while it was 3.82% in 
BG-372 treated with 0.08% MMS. 
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4.5.11 Non-orientation of chromosomes 
The bivalents at metaphase-l, were found at the polar end of the 
cell instead of equatorial region in the treated populations (Plate XIII, 
Fig. 8). The polar metaphasic abnormality increased with the increase in 
the concentration of the mutagenic treatment. The highest frequency 
(1.65%) of PMC's showing this abnormality was observed in 0.08% 
MMS treatment in var. BG-372 followed by 1.50% in 0.8% EMS 
treatment while 1.40% and 1.10% abnormalities were found in var. 
GNG-469 treated with 0.8% and 0.08% concentrations of EMS and 
MMS respectively. 
4.5.12 Micronuclei 
Micronuclei were frequently seen at telophase stages in all the 
mutagenic treatments (Plate XIII, Fig. 10 and Plate XIV, Fig. 7). The 
frequency of micronuclei ranged from one to many in PMCs of treated 
populations. The higher concentrations of each mutagen showed 
maximum number of PMCs with micronuclei. 
Besides the above mentioned meiotic abnormalities encountered 
during the cytological studies, a few other aberrations such as delayed 
separation of chromosomes at anaphase-l and multinucleoli were also 
noticed in some PMCs at higher doses of mutagens. 
Although a wide range of chromosomal abnormalities were 
observed in the treated populations but some anomalies like univalents, 
stickiness and disturbed polarity were also observed in the control 
material in very low percentage of cells (Tables 11 and 12) as well. 
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The over all picture of the results revealed (see Table 11 and 12) 
that meiotic chromosome aberrations increased with increasing 
concentrations of the mutagens (Figs. 7). A thorough study of the 
frequency of meiotic aberrations at various stages of meiosis indicated 
that meiotic chromosome aberrations were more commonly found at 
metaphase-l followed by anaphase/telophase stages. The frequency of 
meiotic aberrations were comparatively more in the variety BG-372. 
4.6 Studies on quantitative characters 
The effect of EMS and MMS in Mi generation was studied on 
various quantitative characters viz. days to flowering, plant height, days 
to maturity, number of primary branches per plant, number of pods per 
plant, number of seeds per pod, 100-seed weight and total yield per 
plant. Data on all these polygenic traits and the comparative effect of 
mutagens on mean values and co-efficient of variation in the two 
varieties of chickpea are summarised in (Tables 13 to 18). 
A perusal of the results obtained on various quantitative traits 
revealed that each trait was affected individually by the mutagen and 
the differential varietal response of both the varieties to two mutagens 
was observed. 
4.6.1 Days to flowering and maturity 
Days to flowering and maturity increased with higher 
concentrations of mutagens whereas, a negative shift was observed in 
populations treated with lower concentrations. 
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4.6.2 Plant height 
A significant increase in plant height was observed in case of 
variety GNG-469, treated with EMS. The average height of plants was 
83.00 cm in the population treated with 0.4% concentrations of EMS 
whereas in control populations the average height of plant was 60.80 
cm. However, in case of MMS, 0.03% concentration seemed to be most 
effective with average height of 76.40 cm. The higher concentrations 
resulted in a sharp decrease in plant height as compared to control. The 
same trend was observed in variety BG-372, with the average height of 
81.00 cm in EMS, 0.3% and 74.20 cm in MMS, 0.03% concentration as 
compared to control (57.60 cm) (Tables 13 to 16). 
4.6.3 Number of branches per plant 
Lower doses of EMS showed stimulatory effect on the number of 
branches per plant. The average number of branches per plant in var. 
BG-372 treated with 0.3% EMS was 6.90 whereas, it was 6.50 in the 
population treated with 0.03% concentration of MMS. In case of var. 
GNG-469 the average number of branches per plant in the population 
treated with 0.03% concentration of MMS was 7.16. It was highest 
(8.16) in 0.4% EMS (Tables 13 to 16). 
4.6.4 Numberof pods per plant and number of seeds per pod 
The highest number of pods per plant in var. GNG-469 was 95.66 
and 92.20 in populations treated with EMS and MMS respectively. In 
variety BG- 372 it was 92.75 and 90.00 in EMS and MMS treated 
populations respectively. The variety BG- 372, having small seeds 
5 j 
showed significant increase in number of seeds per pod than var. GNX3-
469, having bold seeds (Tables 13 to 16). 
4.6.5 Seed weight and total yield per plant 
The 100-seed weight and total yield/plant increased in 
populations of both the varieties treated with lower doses of each 
mutagen. Intermediate doses of mutagens i.e. 0.4% EMS, 0.03% MMS 
were most effective in increasing the seed weight and total yield in the 
var. GNG- 469 and var. BG- 372 respectively. A dose dependent 
reduction in the seed weight and total yield was observed in both the 
varieties at higher doses. The mean values of all the quantitative traits 
indicated that EMS was more effective in both the varieties (Tables 13 
to 16). 
The polygenic variability in terms of co-efficient of variation 
increased in all the mutagenic treatments as compared to control. The 
co-efficient of variation (%) was maximum for number of seeds/pod, 
number of primary branches/plant and plant height in both the varieties. 
The observations indicated good response of var. GNG-469 to EMS as 
well as MMS. 
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PLATE I 
Explanation of Figures 
Figs. 1-3 Effect of ethylmethane sulphonate (EMS) on the 
plant growth of chickpea {Cicer arietinum L.) var. GNG-469 
Fig. 1 A : Control 
B : 0.1% EMS 
C : 0.2% EMS 
Fig. 2 A : 0.3% EMS 
B : 0.4% EMS 
C : 0.5% EMS 
Fig. 3 A : 0.6% EMS 
B : 0.7% EMS 
C : 0.8% EMS 
r 1 - j / ^ x JLJ i 
PLATE II 
Explanation of Figures 
Figs. 1-3 Effect of methylmethane sulphonate (MMS) on the 
plant growth of chickpea {Cicer ariet'mum L.) var. GNG-469 
Fig. 1 A : Control 
Fig. 2 
Fig. 3 
B : 
C : 
A : 
B : 
C : 
A : 
B : 
C : 
0.01% MMS 
0.02% MMS 
0.03% MMS 
0.04% MMS 
0.05% MMS 
0.06% MMS 
0.07% MMS 
0.08% MMS 
PLATE 11 
PLATE III 
Explanation of Figures 
Figs. 1-3 Effect of ethylmethane sulphonate (EMS) on the 
plant growth of chickpea (Cicer arietinum L.) var. BG-372 
Fig. 1 A : Control 
B: 0.1% EMS 
C : 0.2% EMS 
Fig. 2 A : 0.3% EMS 
B : 0.4% EMS 
C : 0.5% EMS 
Fig. 3 A: 0.6% EMS 
B : 0.7% EMS 
CD : 0.8% EMS 
PLATE III 
PLATE IV 
Explanation of Figures 
Figs. 1-3 Effect of methylmethane sulphonate (MMS) on 
plant growth of chickpea (Cicer arietinum L.) var. BG-372 
Fig. 1 A : Control 
B : 0.01% MMS 
C : 0.02% MMS 
Fig. 2 A : 0.03% MMS 
B : 0.04% MMS 
C : 0.05% MMS 
Fig. 3 A : 0.06% MMS 
B : 0.07% MMS 
C D : 0.08% MMS 
PLATE IV 
PLATE V 
Explanation of Figures 
Figs. 1-3 Effect of EMS and MMS on growth and branching 
of chickpea {Cicer arietinum L.) vars. GNG-469 and BG-372 
Fig. 1 A : Var. GNG-469 (Control) 
B : Var. GNG-469 (0.4% EMS) 
Fig. 2 A : Var. GNG-469 (Control) 
B : Var. GNG-469 (0.03% MMS) 
Fig. 3 A : Var. GNG-469 (Control) 
B : Var. GNG-469 (0.3% EMS) 
PLATE V 
PLATE VI 
Explanation of Figures 
Figs. 1-4 Effect of EMS and MMS on leaf size and number of 
leaflets in chickpea {Cicer arietinum L.) vars. GNG-469 and 
BG-372 
Fig. 1 A : Var. GNG-469 (Control) 
B : Var. GNG-469 (0 .1% EMS) 
C : Var. GNG-469 (0.4% EMS) 
D : Var. GNG-469 (0.5% EMS) 
Fig. 2 A : Var. GNG-469 (Control) 
B : Var. GNG-469 (0.01% MMS) 
C : Var. GNG-469 (0.03% MMS) 
Fig. 3 A : Var. BG-372 (Control) 
B : Var. BG-372 (0.3% EMS) 
C : Var. BG-372 (0.4% EMS) 
D ; Var. BG-372 (0.5% EMS) 
Fig. 4 A : Var. BG-372 (Control) 
B : Var. BG-372 (0.03% MMS) 
C : Var. BG-372 (0.04% MMS) 
D : Var. BG-372 (0.07% MMS) 
PLATE VI 
PLATE VII 
Explanation of Figures 
Figs. 1-3 Effect of EMS on flowering in chickpea {Cicer 
arietinum L.) vars. GNG-469 and BG-372 
Fig. 1 A : Var. GNG-469 (Control) 
B : Var. GNG-469 treated with 0.3% EMS 
showing white flowers 
Fig. 2 A : ' Control showing pink corolla 
B,C,D: Showing colour variations in var. GNG-
469 treated with EMS 
Fig. 3 A : Flower of var. BG-372 (Control) 
B,C,D: Flowers showing increase in corolla size 
in var. BG-372 treated with EMS 
PLATE Vll 
PLATE VIII 
Explanation of Figures 
Figs. 1-3 Effect of EMS and MMS on number and size of 
pods in chicl^pea {Cicer arietinum L.) in var. GNG-469 
Fig. 1 Var. GNG-469 (Control) 
Fig. 2 Var. GNG-469 (0.4% EMS) 
Fig. 3 Var. GNG-469 (0.03% MIVIS) 
PLATE VIII 
PLATE IX 
Explanation of Figures 
Figs. 1-3 Effect of MMS on number and size of pods in 
chickpea (Cicer arietinum L.) var. BG-372 
Fig. 1 Var. BG-372 (Control) 
Fig. 2 Var. BG-372 (0.3% EiVlS) 
Fig. 3 Var. BG-372 (0.03% MMS) 
PLATE IX 
PLATE X 
Explanation of Figures 
Figs. 1-4 Effect of EMS and MMS on pod size in chickpea 
(Cicer arietinum L.) vars. GNG-469 and BG-372 
Fig. 1 A : Var. GNG-469 (Control) 
B : Var. GNG-469 (0.4% EMS) 
Fig. 2 A : Var. GNG-469 (Control) 
B : Var. GNG-469 (0.03% MMS) 
Fig. 3 A : Var. BG-372 (Control) 
B : Var. BG-372 (0.3% EMS) 
Fig. 4 A : Var. BG-372 (Control) 
B : Var. BG-372 (0.03% MMS) 
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PLATE XI 
Explanation of Figures 
Figs. 1-3 Different variants obtained from treated 
populations of chicl<pea (Cicer arietinum L.) vars. GNG-469 
and BG-372 
Fig. 1 Mi variant of var. GNG-469 showing liigh yield 
(0.4% EMS) 
Fig. 2 iVIi variant (dwarf) of var. BG-372 showing high 
yield (0.3% EMS) 
Fig. 3 Mi variant (Sterile) of var. BG-372 (0.8% EMS) 
rL/\ir. 1^ 
PLATE XII 
Explanation of Figures 
Figs. 1-4 Effect of EMS and MMS on seed size in ci i ickpea 
(Cicer arietinum L.) vars. GNG-469 and BG-372 
Fig. 1 A : Var. GNG-469 (Control) 
B : Var. GNG-469 showing bold seeds (0.4% 
EMS) 
Fig. 2 A : • Var. GNG-469 (Control) 
B : Var. GNG-469 showing bold seeds (0.03% 
MMS) 
Fig. 3 A : Var. BG-372 (Control) 
B : Var. BG-372 showing increase in seed 
size (0.3% EMS) 
Fig. 4 A : Var. BG-372 (Control) 
B : Var. BG-372 showing increase in seed 
size (0.03% MMS) 
PLATE XII 
PLATE XIII 
Explanation of Figures 
Figs. 1-12 Meiotic abnormalities observed in chickpea 
{Cicer arietinum L.) var. GNG-469 treated with various 
concentrations of ethylmethane sulphonate (ElViS) 
Fig. 1 i\/letaphase-l showing 8-bivalents (Control) 
Fig. 2 Anaphase-I showing normal distribution (8:8) of 
chromosomes (Control) 
Fig. 3 Anaphase-ll showing chromosomes in four groups 
(Control) 
Fig. 4 Metaphase-I showing 16 univalents 
Fig. 5 Metaphase-I showing Si+Sn+lm 
Fig. 6 Metaphase-I showing secondary association of 
bivalents 
Fig. 7 Anaphase-I showing chromosomes in three groups. 
Fig. 8 Metaphase-I showing bivalents at one pole 
Fig. 9 Two PMCs showing cytomixis and movement of 
chromosomes through the cytoplasmic channel 
Fig. 10 Telophase-I showing 6 nuclei 
Fig. 11 Anaphase-I showing laggard and unequal 
distribution (5:10) of chromosomes 
Fig. 12 Anaphase-I showing non-disjunction of 
chromosomes 
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PLATE XIV 
Explanation of Figures 
Figs. 1-12 Meiotic abnormalities observed in chickpea 
(Cicer arietinum L.) var. GNG-469 treated with various 
concentrations of methylmethane sulphonate (MMS) 
Fig. 1 Metaphase-I showing 8-bivalents (Control) 
Fig. 2 Anaphase-I showing normal distribution (8:8) of 
chromosomes (Control) 
Fig. 3 Anaphase-ll showing chromatin bridge 
Fig. 4 Three PMCs showing cytomixis at different stages 
Fig. 5 Metaphase-I showing 4|+4ii+1iv 
Fig. 6 Anaphase-I showing bridge formation 
Fig. 7 Telophase-I showing four micronuclei 
Fig. 8 Two PMCs showing chromosomal stickiness at 
metaphase-l 
Fig. 9 Metaphase-I showing 2|+7|| 
Fig. 10 Anaphase-ll showing non-synchronous separation 
of chromosomes 
Fig. 11 Metaphase-I showing 16- univalents 
Fig. 12 Anaphase-I showing unequal separation of 
chromosomes (9:7) 
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PLATE XV 
Explanation of Figures 
Figs. 1-12 Meiotic abnormalities observed in chickpea 
(Cicer arietinum L.) var. BG-372 treated with various 
concentrations of ethylmethane sulphonate (ElVlS) 
Fig. 1 Two PiVlCs showing metaphase-l (normal i.e. Sn) 
and anaphase-l (normal distribution of 
chromosomes i.e. 8:8) 
Fig. 2 Metaphase-l showing 16 univalents 
Fig. 3 Metaphase-l showing Si+Sn+lm 
Fig. 4 Showing cytomixis between two PMCs at 
metaphase-l 
Fig. 5 Two PMCs at metaphase-l showing cytomixis and 
clumping of chromosomes 
Fig. 6 Showing cytomixis between two PMCs at different 
stages of cell cycle (metaphase-l and anaphase-l) 
Fig. 7 Metaphase-l showing precocious separation of 
chromosomes 
Fig. 8 Metaphase-l showing 4|+6|| 
Fig. 9 Cytomixis between three PMCs at anaphase-l 
Fig. 10 Cytomixis between two PMCs at metaphase-l 
showing migration of bivalents through cytoplasmic 
channel 
Fig. 11 Metaphase-l showing univalents and clumped 
bivalents 
Fig. 12 Anaphase-l showing chromosome clumping 
PLATE XVI 
Explanation of Figures 
Figs. 1-12 Meiotic abnormalities observed in chickpea 
{Cicer arietinum L.) var. BG-372 treated with various 
concentrations of methylmethane sulphonate (IViMS) 
Fig. 1 Metaphase-I showing 8-bivalents (Control) 
Fig. 2 Telophase-I showing two nuclei (Control) 
Fig. 3 Metaphase-I showing secondary association of 
chromosomes 
Fig. 4 Two PMCs showing cytomixis 
Fig. 5 Metaphase-I showing 8|+4|| 
Fig. 6 Two PMCs showing cytomixis at metaphase-l 
Fig. 7 Anaphase-ll showing chromosome bridges and 
non-synchronous separation of chromosomes 
Fig. 8 Metaphase-I showing 6|+5|i 
Fig. 9 Telophase-ll showing several micronuclei 
Fig. 10 Metaphase-I showing 4|+6|| 
Fig. 11 Metaphase-I showing 2i+7n 
Fig. 12 Anaphase-I showing unequal distribution and 
clumping of chromosomes at poles 
PLATE XVI 
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Chapter 5 
DISCUSSION 
Induced mutagenesis finds a prominent place^theygggifien^iWon 
and re-creation of genetic variabilities which are lost by too rigid 
selection or narrow base of germplasm of a crop plant under 
improvement. The potentiality of mutagens for this purpose however, 
depends upon the efficiency of induction of mutation to be aimed at, 
efficiency of screening of mutants and on the nature of induced 
mutation (Ukai, 1983, Siddiqui and Yousufzai, 1988). Mutation breeding 
technique is the best method to enlarge the genetically conditioned 
variability of a species within a short period of time and has played a 
significant role in the development of many crop varieties (Micke, 1988). 
Induced mutagenesis plays an important role in enhancing genetic 
variability for crop improvement by way of inducing micromutations in 
addition to the visible macro-mutation. Besides, artificial mutagenesis 
offers a possibility for the induction of desirable attributes perhaps those 
that either cannot be found naturally or have been lost. The breeding 
potential of a crop plant is to exploit the existing genetic variability 
through selection or created variability. 
The basic information on mutagenic sensitivity, efficiency of 
mutagens, methods of handling the material and treatment methods 
required to maximize mutation induction are essential for any mutation 
breeding programme. A large number of chemical mutagens have been 
found potent in their mutagenic effects. The alkylating agents are 
.•>."5 
considered convenient because they induce a wide spectrum of 
mutations including transition, transversion and frameshift mutations 
and act on both replicating and non-replicating DNA. 
Generally, the criteria such as germination, injury, lethality, 
sterility, chromosomal aberrations, quantitative trait variations are used 
to assess the superiority of the mutagens (Reddy et al., 1992, Thakur 
and Sethi, 1995; Kharkwal, 1998a, 1998b; Kumar and Dubey, 1998c; 
Khan, 1999). in some earlier studies on the use of mutations for the 
improvement of quantitative traits, it v\/as found that the traits differ in 
their response to mutagenic treatments. Variance level may be less 
responsive in one trait and highly responsive in the other (Sharma, 
1995). Moreover, the direction of polygenic mutation depends on the 
genotypic background of material (Loesch, 1964). 
In the present study effects of individual treatment of 
methylmethane sulphonate (MMS) and ethylmethane sulphonate (EMS) 
on seed germination, seedling height, plant survival at maturity, pollen 
sterility and meiotic aberrations in the populations emerging from 
treated seeds along with other various quantitative traits were 
extensively studied in the two varieties of chickpea viz. GNG-469 and 
BG-372. 
Seed germination, seedling height and plant survival decreased 
with increase in mutagenic doses in the present investigation. However, 
the extent of decrease differed in both the varieties treated with these 
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two mutagens. MMS was found more potent mutagen than EMS in 
inducing damage in both the varieties of chickpea under investigation. 
Based on the extent of damage caused, the var. BG-372 was found to 
be more sensitive than the var. GNG-469. 
The adverse effect of chemical mutagens on various biological 
parameters have been reported by many workers (Khalatkar and 
Bhatia, 1975; Bhamburkar and Bhalla, 1985, Subbarao, 1988; Kumar 
and Dubey, 1998a and 1998b). Most of these workers have observed a 
dose dependent reduction in above mentioned biological parameters. 
Different workers working on mutation breeding have attempted 
to explain the causes of inhibition of seed germination. Sharma and 
Swaminathan (1969) attributed inhibition to changes in metabolic 
conditions of the cells. Kleinhofs et al. (1978) in barley reported delay in 
the initiation of metabolism following germination, which in turn resulted 
in a uniform delay in mitotic activity, seedling growth and ATP and DNA 
synthesis. Tarar and Dnyansagar (1980b) reported that inhibitory effect 
in Ternera ulmifolia was due to damage in DNA. 
Following seed treatment, most of the potent mutagens 
commonly in use, besides inducing mutations, also produce a host of 
physiological and lethal damages and the mutagenic effect always 
seems accompanied by a more or less toxic effect. The different toxic 
effects include germination and growth inhibition, seedling injury and 
sterility. Rao (1980) in guar and okra, Salim et al. (1974) in peas have 
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attributed reduction in germination percentage to exposure to the 
enhanced production of active radicals which are responsible for seed 
lethality, while Gordon (1955) has correlated it with the inhibition of 
auxin synthesis. 
Inhibition of seedling growth after treatment of seeds is a 
convenient technique for studying effects of mutagens in plants 
(Ahnstrom, 1974). Different explanations are available to explain the 
phenomenon of reduced seedling growth. Gray and Scholes (1951) and 
Lea (1955) suggested that it could be due to genetic injury in 
meristematic cells. The badly damaged cells would produce only a few 
cell progeny and growth will recur from those cells which are least 
damaged genetically. Thoday (1951) and Evans and Sparrow (1961) 
opined that the chromosomal damage and/or inhibition of cell division 
were chief causes of reduced growth, whereas, Goud and Nayar (1968) 
demonstrated that seedling growth depression may be due to inhibition 
of auxin synthesis. 
Inhibition of seedling growth has also been attributed to slow rate 
of cell division, decreased amylase activity and increased peroxidase 
activities (Mehta et al., 1975; Rao, 1980; Rao & Rao, 1982; Subbarao, 
1988). Decreased amylase activity may affect hydrolysis of starch into 
sugar needed for proper growth of the seedling (Rao and Rao, 1982). 
Inhibition of seedling growth due to increased peroxidase activity was 
reported by Rao & Siddiqui (1977) in Phaseolus, Roa (1980) in guar 
and okra and Rao and Rao (1982) in guar. Increased peroxidase might 
oxidise lAA resulting in low levels of auxin, thereby retarding amylase 
activity and hence growth of the seedling (Rao & Siddiqui, 1977). 
Whatever may be the cause of reduced seedling growth, the fact 
remains that the chromosomes which carry various genes responsible 
for life process and expression are one of the most sensitive organs in 
the cell, and damage to any part of these vital and tiny organs is bound 
to go a long way to bring about various physiological and metabolic 
disorders which in turn will bring about several morphological and 
growth abnormalities in the plant or plant organs. Progressive decrease 
in the rate of survival of plants with an increase in the doses of chemical 
mutagens has been reported by Jayabalan and Rao (1987a) in 
Lycopersicon esculentum, Sudhakaran (1967) in Vinca rosea and 
Kumar and Dubey (1998 a,b) in Lathyrus sativa. Decrease in seedling 
survival may be attributed to the series of events occurring at the 
cellular level which affect the vital macro molecules and bring about a 
physiological imbalance in the cells as a consequence of exposure to 
chemical mutagens. 
In the present investigation, varying degree of pollen sterility was 
induced in all mutagenic treatments. Although nearly 2 to 4% sterility 
was also observed in control, the magnitude of sterility increased with 
an increase in dose of treatment. Highest sterility was observed in 
0.08% MMS in var. BG-372. Plants with very high pollen sterility were 
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recorded in the higher dose treatments. The proportion of such highly 
sterile plants also increased with an increase in the concentration of the 
mutagens. These results are in agreement with many workers who also 
reported a dose dependent increase in sterility following mutagenic 
treatments. (Nerker, 1970; Prasad and Das, 1980a, 1980b; Bhamburkar 
and Bhalla, 1985; Kumar and Dubey, 1994, 1996 and 1998a,b; Lai et 
al., 2002). 
The high sterility observed in the treated populations may be 
attributed to the vast array of meiotic aberrations that were induced by 
chemical mutagens leading to aberrent pollen mother cells and 
ultimately resulting in the inactivation of pollen grains. This is in 
agreement with many workers (Rana and Swaminathan, 1964; Sinha 
and Godward, 1972; Ramana, 1974). Contrary to this Sato and Gaul 
(1967) in barley reported a high sterility coupled with low frequency of 
meiotic abnormalities after EMS treatment. This was attributed to small 
undetectable deletions or gene mutations. It is concluded that sterility in 
Mi is actually the first sign of general effectiveness of the treatment. 
Differential varietal response to different mutagens as observed in 
the present study has earlier been reported by many workers. Sharma 
and Sharma (1981) observed different mutagenic response of gamma 
rays and NMU in microsperma and macrosperma lentils. 
Venketachalam and Jayabalan (1995), using EMS, sodiumazide and 
gamma rays, found distinct varietal differences in ground nut {Arachis 
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hypogaea). Akbar et al., (1976) concluded that differences in 
radiosensitivity may be due to differences in their recovery process 
involving enzyme activity. Differences in radiosensitivity were also 
reported by Khan (1999) in black gram and Nerker (1976) in Lathyrus 
sativa. It is concluded that varieties with a large assortment of recessive 
characters show greater sensitivity than the varieties with dominant 
characters. (Gelin et al., 1958; Blixt, 1970). The mechanism controlling 
sensitivity to chemical mutagens and X-rays have been reported to be 
different from those determining sensitivity to gamma rays (Sokolov and 
Balchunene, 1977). 
A common observation on the biological parameters revealed the 
general superiority of EMS over MMS in causing minimum damage. 
The leaves are pinnately compound having a number of leaflets. 
In the present study diversity was observed in leaf variations. The 
increase and decrease in number and area of leaflets was commonly 
observed in lower and higher doses of chemical mutagens respectively. 
There was a significant change in leaf serration, some leaves had deep 
serration whereas, others were having almost entire margin. Similar 
types of leaf abnormalities were observed by Fowler and Stephensson 
(1972) in Brassica napus. Singh and Raghuvanshi (1985) reported that 
the leaflet number may be governed by recessive mutations of a single 
gene and various shapes of the leaves were due to inhibition of activity 
of dividing apical cells and subsidiary cells. 
Genetic hazards of physical and chemical mutagens are now well 
known and the methods to detect their mutagenic effect have been 
devised. In this context cytological observations appear rewarding as 
they deal with the primary genetic material - the chromosomes and 
more appropriately the DNA which control the phenotypes. 
The pollen mother cells undergoing meiosis attain this stage after 
many mitotic cycles. At the same time recovery mechanisms can start 
operating in the elimination of lethal and sub lethal through natural 
selection right from the initiation of germination following mutagenic 
treatment (Sinha and Godward, 1968), yet some aberrations persist and 
affect the viability of gametes and subsequently the fertility of plant. 
Chromosome aberrations have long been recognized to be an important 
biomarker of plant exposure to ionizing radiation and genotoxic 
chemicals. Both structural and numerical aberrations have been 
associated with plants. Inhibition of repair by different chemical agents 
which affect specific enzymes in the repair pathway lead to increased 
frequencies of chromosome aberrations following treatment with 
mutagenic agents (Kihiman and Natarajan, 1984). 
The chemical mutagens are known to produce chromosomal 
aberrations leading to abnormal chromosome behaviour during meiosis 
and consequently giving varying degree of sterility. A vast array of 
meiotic aberrations were induced by EMS and MMS in chickpea in 
present investigations. Meiotic abnormalities increased with increase in 
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mutagenic closes. Although the types of abnormalities were more or 
less common in both the varieties, but the frequency of aberrations was 
comparatively more in the var. BG-372 indicating its more sensitivity to 
the mutagens. 
Different types of chromosomal abnormalities observed in the 
present investigation have also been reported by various workers in 
different plant materials after treatment with physical and chemical 
mutagens. ( Ahmad and Godward, 1981 and Ahmad 1978 in chickpea; 
Laxmi et al., 1975 in pearl millet; Rao and Laxmi, 1980 and Katiyar, 
1978a,b in Capsicum annuum L, Tarar and Dnyansagar, 1980a in 
Ternera ulmifolia; Mitra and Bhowmik, 1996 in Nigella sativa; Reddy et 
al., 1992 in Lens culinaris and Kumar and Dubey, 1998c in Lathyrus 
sativus). Most of these workers have reported a dose dependent 
increase in meiotic aberrations and the varietal sensitivity to mutagenic 
treatments was also reported by many of them. 
Chromosomal stickiness was the most common abnormality 
observed in the present investigation. Chromosomes were clumped into 
one, two or many groups due to stickiness at metaphase causing 
difficulty in normal disjunction of chromosomes. These results were in 
agreement with Katiyar (1978a), Mitra and Bhowmik (1996), Sinha and 
Godward (1972) and Tarar and Dnyansagar (1980a) who also reported 
stickiness to be most common abnormality and the grouping of different 
bivalents due to stickiness. Stickiness could be the result of 
disturbances in the chemically balanced reactions or due to 
depolymerization of nucleic acids caused by mutagenic treatments 
(Tarar and Dnyansagar, 1980a). Darlington and La Cour (1945) 
observed stickiness in the irradiated plants of Allium and Trillium and 
suggested that stickiness of chromosomes at metaphase-l and 
anaphase-l was due to reduction of polymerized nucleic acid on the 
chromosomes producing characteristic errors of spiralization, which 
combined with super imposed excess of non-polymerized nucleic acid 
Rao and Laxmi (1980) reported that stickiness could be due to 
disturbances in cyto-chemically balanced reactions due to the effect of 
alkylating agents. Sharma (1965 and 1956) in different strains of Cicer 
arietinum L. and Evans (1962) reported that stickiness may be due to 
the result of partial dissociation of nucieoprotein and alteration in their 
pattern of organization respectively. Jayabalan and Rao (1987), McGill 
et al., (1974) and Klasterska et al., (1976) suggested that the stickiness 
at meiosis was due to the disturbance in cyto-chemically balanced 
reaction or due to improper folding of chromosome fiber, respectively. 
The frequency of univalents at diakinesis and metaphase-l 
ranged from 2-5 per PMC and these were later found as laggards at 
anaphase and telophase stages. It seems more likely that mutagenic 
treatments produced univalent formation through cryptic structural 
changes in some of the chromosomes which restricted pairing and in 
this way reduced chiasma frequency. Rao and Laxmi (1980) attributed 
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univalent formation to the partial and complete lack of homologous 
chromosome pairing. Further, the disturbance in pairing mechanism 
was ascribed to the presence of chromosome breakage in the PMC of 
plants raised from treated seeds. Some of the univalents disjuncted 
early and presumably this happened due to genie differences. Mitra and 
Bhowmik (1996) reported that non-pairing and early separation of 
chromosomes at meiosis may result in the formation of univalents. 
Many scientists (White, 1973, Singh and Gupta, 1981; Bose and Bose, 
1972; Aamer and Farah 1980) had attributed the occurrence of 
univalents at diakinesis and metaphase-1 to chiasma failure. Therefore, 
occurance of univalents may be due to desynapsis or due to some 
disturbance during pairing of homologous chromosomes or due to the 
weak synapsis in chromosome pairs. 
Different types of multivalent associations (tri, tetra and chain of 
bivalents) as observed in the present investigation have also been 
reported by many workers. Alteration in chromosome associations 
which composed of uni, tri and tetra in addition to multivalents were 
possibly the outcome of non or irregular pairing of chromosomes due to 
translocations (Katiyar, 1978a; Zeerak, 1992). According to Prasad 
(1965) and Sinha (1967) the formation of multivalents was the possible 
outcome of exchange between non-homologous chromosomes due to 
translocations. Sometimes, separation of two chromosomes in certain 
bivalents lagged behind the others and the late separating 
chromosomes failed to reach the poles to get included in the daughter 
nuclei. In other cases the spindle formation mechanism failed 
completely and as a result all bivalents were found scattered through 
out the spindle. Similar results were also reported by Kumar and Dubey 
(1998c). Kaloo and Das (1971) reported that a chain of four may be 
formed due to failure of crossing over and chiasma formation and also 
chain multivalents have been attributed to complete terminalization of 
chiasma at one end of the cross shaped configuration during 
pachytene. 
The ring multivalents were found when the interchanged parts of 
the chromosomes were long and crossover occurred in each arm of the 
chromosomes. Stebbins (1950) stated that quadrivalent formation in L. 
corniculatus was due to the presence of chromosomes containing both 
homologous and homeologous segments. The occasional presence of 
multivalents in low frequency may be partly or entirely, due to 
association of chromosomes contributed by the same parent. Burnham 
(1956) and Burnham and Hagberg (1956) were of the opinion that ring 
and chain multivalents were the indications of heterozygous 
translocation, which may appear due to unequal length of the 
translocated segments and the number and position of chiasmata. The 
chromosomal translocations might have occurred possibly due to 
disturbances in the physiological environment of the treated plants by 
chemical mutagens. 
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According to White (1973) and Singh and Gupta (1981) the 
meiotic irregularity consisting of formation of trivalents indicated that 
there were segmental similarities between more than two chromosomes 
of each group and genetic mechanism yet to control synaptic attraction 
between distantly homologous segments. 
The laggards observed at A| and An in both varieties treated with 
EMS and MMS during the present study may be due to delayed 
terminalization, stickiness of chromosomal ends or because of failure of 
chromosome movements (Jayabalan and Rao, 1987, Soheir et al. 
1989). Schulz-Shaeffer (1980) concluded that lagging chromosomes 
and their presence as univalents may result in aneuploidy. Wuu and 
Grant (1966) reported that laggards might be due to the major 
interaction of the insecticides similar to the chemical mutagens with the 
proteins of the spindle apparatus and the proteins, which form an 
integral part of the chromosome in the cell. 
Bridges without fragments at anaphase and telophase stages 
were frequently observed in the present investigation. Bridges often 
break as the dyads move farther apart in the late anaphase, sometimes 
leaving an acentric fragment in the cytoplasm. The fragments were 
seen during meiosis-ll as micronuclei which did not condense along 
with remaining chromosomes. The anaphasic bridges may be formed 
due to unequal exchange or dicentric chromosomes. The breaks at the 
same locus and their lateral fusion might have led to the formation of 
dicentric chromosomes (Kumar and Sharma, 2002). The presence of 
chromosome bridges without fragments may be due to restitution or the 
fragments getting entangled or attached with normal chromatids of 
chromosomes. (Tarar and Dnyansagar, 1980a). Moreover, PMCs with a 
single bridge without acentric fragment at anaphase-l is formed by two 
sister chromatids of a broken chromosome which has undergone fusion 
during interphase at the time of duplication (McClintock, 1938). Sparrow 
and Evans (1961) reported that a bridge was formed when two 
centromeres bearing chromosome fragment were fused and bridge and 
fragment at anaphase might be due to spontaneous breakage and 
reunion of chromatids during meiotic prophase. Lewis and Jones (1966) 
reported that irregular crossing over resulted in the formation of bridges 
and fragments. Soliman and Al-Najjar (1980) and Abraham and Koshy 
(1979) reported that the chromosomal bridges may be due to the 
chromosomal stickiness and subsequent failure of free anaphase 
separation or may be due to unequal translocation or inversion of 
chromosome segments and also a chromosome bridge with fragments 
at anaphase-1 may be formed due to non-sister chromatids of 
homologous or non-homologous chromosome break and the proximal 
broken ends reunite in U-shape. Davidson (1957) reported that bridges 
at anaphase-telophase might be due to exchange between 
chromosomes or chromatids. In general, U-shape exchange between 
sister chromatids leads to a bridge and fragment at anaphase-ll. Jones 
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(1968) reported that X-type crossing over and chaisma formation may 
lead to the formation of a bridge and fragment. Gaul (1964) and Konzak 
et al., (1961) reported that anaphasic bridge was due to the fusion 
between two centromeres bearing chromosome fragments or most 
likely due to inversion induced by chemicals. 
In the present study bridge formation may be attributed to general 
stickiness of chromosomes at metaphase stage or breakage and 
reunion of chromosomes. Similar bridges are reported by many workers 
after chemical mutagenesis (Aamer and Ali, 1983; Aamer and Farah, 
1985; Ahmad and Yasmin, 1992). 
Movement of bivalents towards the opposite poles at anaphase 
due to non-disjunction of homologous chromosomes at metaphase was 
due to stickiness of chromosomes causing unequal distribution of 
chromosomes and resulted in unequal distribution of chromosomes in 
the daughter nuclei. Abnormalities such as lagging chromosomes and 
unequal separation of chromosomes especially the later one would lead 
to production of aneuploids. Such plants (aneuploids) are of great 
importance in fundamental as well as applied research in crop 
improvement. It may be noted that in case of unequal separation at A|, 
the most frequent separation is 9:7 chromosomes. A functioning gamete 
with 9 chromosomes will produce a trisomic upon fertilization with 
normal gamete. Mitra and Bhowrnik (1996) reported that unequal 
separation of chromosomes was caused by spindle irregularities. 
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Micronuciei generally arise from fragments and lagging chromosomes 
which fail to reach the poles and get included in the daughter nuclei 
(Kumar and Dubey, 1998c; Laxmi et al., 1995), whereas, disturbed 
polarity at anaphase and telophase stage could be due to spindle 
disturbances. 
The micronuciei were found at T|, TH. The frequency of 
micronuciei in treated population of both varieties had linear relationship 
with increasing concentration of mutagens. Sparrow and Singleton 
(1953) mentioned that micronuciei at T| and Tn were found due to the 
chromosome fragmentation. Auerbach (1962) also reported that some 
lagging chromosomes might have gradually clumped together to form 
micronuciei and supposed it an indication of true mutagenic effect. 
Cytomixis refers to the migration of chromatin/ chromosomes 
from one cell to another cell through cytoplasmic channels. Cytomixis 
has been reported to occur mainly during prophase-l, where the 
cellulose cell wall that surrounds the micro sporocytes is not yet fully 
formed. The probable causes of cytomixis maybe the fixation effects 
(Haroun, 1995; Heslop-Herrison, 1966), pathological conditions (Bobak 
and Herich, 1978) and changes in gene control (Omara, 1976). The 
process is considered to be a source of production of aneuploids and 
polyploid gametes (Koul, 1996; Yen et al., 1993). Cytomixis between 
and among different stages of meiosis was also reported by Maria 
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desouza and Pagiiarini (1997) in rape seed and Consolaro and 
Pagliarini (1995) in Centella asiatica. 
Precocious separation of chromosomes at M| was found to have 
positive correlation vjWh the increasing concentration of mutagens. 
Precocious separation of bivalents at metaphase-l was found by Patil 
and Bora (1961) in Arachis hypogaea raised from X-rays treated seeds. 
The precocious separation of chromosomes at metaphase-l in present 
investigation may be due to early separation of chromosomes of a 
bivalent and early movement of these univalents towards the poles 
whereas the partners of other bivalents did not separate and move so 
early. The reason for early separation of chromosomes from a bivalent 
may be the loose pairing of chromosomes and absence or early 
termination of chiasmata between two chromosomes where the 
homology was disturbed due to mutagenic effect of EMS and MMS. 
Intervarietal differences in radiosensitivity have been reported by 
many workers (Evans and Sparrow, 1961; Ahmad and Godward, 1981). 
These differences were attributed to differences in cell volume, nuclear 
volume, chromosome volume, DNA amount and presence of protective 
and or sensitizing substances (Evans and Sparrow, 1961; Ahmad and 
Godward, 1981). 
In the present studies, the frequency of meiotic aberrations were 
maximum in MMS treatment in both the varieties which suggested that 
MMS is more potent In inducing mutagenic effect than EMS. Vogel and 
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Natarajan (1982) reported that MMS is more efficient in inducing 
chromosome aberrations than EMS in plants. 
Among the different stages of meiosis, the frequency of meiotic 
aberration was maximum at metaphase stage in the present study. 
Similar observations have been reported by Mitra and Bhowmik (1996) 
in Nigella sativa and Kumar and Dubey (1998c) in Lathyrus sativa L. 
Studies on various quantitative characters in Ml generation have 
revealed that significant changes were caused in different polygenic 
traits. The mutagenic effects of various doses of EMS and MMS were 
observed on plant height, number of branches per plant, number of 
pods per plant, number of seeds per pod, 100-seed weight and total 
yield per plant. The lower doses of treatments showed the enhancing 
effect while the higher doses decreased the mean values of these traits. 
The variations in the mean values of quantitative traits and delay in 
flowering and maturity are common features of mutagenic treatments as 
reported earlier by various workers (Nerker, 1970; Sarkar and Sharma, 
1987; Kumar and Dubey, 1994, 1998a, 1998b). The increase in 100-
seed weight by most of the mutagenic treatments in present case also 
supports the findings of Kumar and Dubey (1998a, 1998b). 
In the present study plant height and number of branches per 
plant showed marked variation in the treated populations. EMS was 
found to cause a prominent increase in plant height in both the varieties 
at lower doses as compared to MMS. However, the higher doses of 
mutagens had an inhibitory effect on the plant height. Ismail et al., 
(1977) reported a slight increase in plant height with lower concentration 
of EMS in broad bean. Lai (1975) reported moderate to substantial 
change in height of the plants in rice {Oryza sativa L.) following gamma 
rays treatment. 
The stimulatory effect of lower concentrations of EMS and MMS 
and inhibition by the higher doses of mutagens revealed that lower 
doses some how enhance the growth related mechanisms and cause 
an increase in plant height. However, decrease in height due to higher 
concentration may be due to uneven damage of the meristematic cells 
as a consequence of genetic injuries, change in chromosomes and 
inhibition of cell division. Sparrow (1953) had concluded that growth 
takes place due to increase in cell elongation and inhibition or impaired 
mitosis could be the reasons for reduced growth. Since shoot growth is 
due to cell elongation whereas, root growth depends on cell division 
(Sinha and Godward, 1972), therefore the reduction in growth of the 
plant might have occurred due to inhibitory effect of EMS and MMS on 
growth regulating substances responsible for cell division and cell 
elongation. Tarar and Dnyansagar (1980b) reported that decrease in 
plant growth may be due to reduction in auxin synthesis. 
It is concluded that mutagens affected the normal metabolic and 
physiological functioning of the plant, shifting the equilibrium in both 
positive and negative directions resulting in increase and decrease in 
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growth of the plant depending upon the strength of the mutagenic 
treatment. 
Delay in flowering and maturity period was found in almost all the 
mutagenic treatments. However, there was a significant increase in 
number of pods per plant and pod size in lower doses followed by the 
same degree of decrease in higher doses. Delay in flowering and 
maturity and variations in mean values of many quantitative traits are 
common features of mutagenic treatments and have been reported 
earlier by various workers (Nerker, 1970; Sarkar and Sharma, 1987; 
Kumar and Dubey, 1994,1998a,b). 
Singh and Chaturvedi (1982) also reported large number of pods 
per plant and long pod mutant in pusa basakhi and isolated 5-8 varieties 
from 40 KR gamma irradiated seeds. The possible cause for number of 
pods per plant and pod size in the present investigation may be due to 
gene mutations and chromosomal aberrations. 
Swaminathan (1969) and Singh and Chaturvedi (1982) reported 
that higher number of flowers and branches per plant have positive 
response with respect to yield of crop. In the present findings increase 
in plant height, the number primary branches and flower per plant had a 
positive correlation with the number of pods per plant and consequently 
the total yield per plant. The 100-seed weight and total yield per plant 
indicated that lower doses of EMS and MMS were effective in 
increasing 100-seed weight and yield in both varieties while higher 
doses caused significant decrease in both characters. Increase in yield 
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in chickpea with the application of chemical mutagens have been 
reported by Kharkwal (2001). 
Sable et al., (2002) reported that plant height, number of 
branches per plant, and number of pods per plant had positive effect on 
seed yield in chickpea and thus they formed the major yield component 
factors and these may be considered for varietal improvement. The 
results are also in confirmity with those of Sarvaliya and Goya! (1994) 
and Kumar et al. (1999); Khorgade et ai, (1995); Khedar and Maloo 
(1999) and Kumar (2001) who also observed a significant positive 
correlation among pods per plant, seeds per plant and seed yield in 
chickpea. 
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SUMMARY AND CONCLUSION 
The present investigation was carried out to study the mutagenic 
effect of ethylmethane sulphonate (EMS) and methylmethane 
sulphonate (MMS) on cytomorphological characters of chickpea [Cicer 
arietinum L.) varieties GNG-469 and BG-372. 
The main objectives were 
1. To study the effect of different mutagenic treatments of two 
alkylating agents i.e. EMS and MMS on various biological 
parameters of chickpea vars. GNG-469 and BG-372 in Mi 
generation. 
2. To study the meiotic behaviour of chromosomes after treatment 
with chemical mutagens. 
3. To evaluate induced mutations and 
4. To find out the mutagenic potentials of two alkylating agents i.e. 
EMS and MMS. 
The induced mutagenic effects were studied in two varieties of 
chickpea and compared with control plants. The populations raised from 
untreated seeds were taken as controls. The chemical treatments 
showed various changes in different biological characters of plants. The 
biological damage was studied with respect to seed germination, 
seedling height, plant survival at maturity, pollen fertility, number of 
branches per plant, number of pods per plant, number of seeds per pod, 
days to flowering and fruiting, 100-seed weight, total seed yield per 
plant and chromosomal aberrations during meiosis. The effects of EMS 
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and MMS on cytomorophological characters of two vaneties of chickpea 
namely GNG-469 and BG-372. were extensively studied and 
summarized below. 
1. A brief introduction regarding chickpea {Cicer arietinum L.) and its 
cultivation, production, economic importance and the scope of 
induced mutagenesis in the improvement of crop have been 
given. 
Materials and methods used in present progr^itim'e of work h^ve . 
. . . ''^ ' OS - 3^83 \ 
been explained. , ^  
3. The Investigations by various earlier researchers on chickpea an^ 
induced mutagenesis have been reviewed and preSBnted'ih the 
review of literatures. 
4. The effect of EMS and MMS on seed germination, seedling 
height, plant survival and pollen fertility showed a dose dependent 
reduction. Methylmethane sulphonate (MMS) showed maximum 
inhibitory effect on various biological parameters of both the 
varieties as compared to EMS and var. BG-372 was found to be 
more sensitive to both the mutagens and showed maximum 
damage in most of the characters except in case of seed 
germination, where highest inhibition was observed in var. GNG-
469. 
5. The meiotic chromosomal aberrations studied in pollen mother 
cells showed a dose dependent increase in both the varieties. 
The various chromosomal abnormalities induced by EMS and 
MMS were univalents, multivalents, laggards, bridges, cytomixis, 
77 
micronuclei, non-orientation of chromosomes, non-disjunction, 
unequal separation, stickiness and disturbed polarity. The 
frequency of chromosomal anomalies was more at metaphase as 
compared to anaphase and telophase stages. MMS caused 
maximum abnormality in both the varieties as compared to EMS 
and variety BG-372 appeared to be more sensitive to the 
mutagenic treatments. 
6. Days to flowering and maturity showed a positive correlation with 
the increasing concentrations of EMS and MMS. Almost all the 
treatments caused delay in flowering and maturity with a few 
exceptions where a negative shift was observed in some lower 
concentrations. 
7. The lower doses of both EMS and MMS exhibited a stimulatory 
effect on the various quantitative traits studied. There was a 
significant increase in plant height, number of branches per plant, 
number of pods per plant, number of seeds per pod, 100-seed 
weight and total yield per plant in both the varieties. The 
intermediate doses were found more efficient in enhancing the 
quantitative traits. However, the higher doses of mutagenic 
treatments caused a marked reduction in all these traits in both 
the varieties. EMS was found better than MMS in inducing 
favourable changes resulting in an increase in various characters 
and variety GNG-469 showed better response than BG-372. 
8. The results obtained in the present studies have been discussed 
in the light of earlier investigations. 
9. The statistical analysis of the cytomorphological characters 
carried out to find out the extent of variability induced by 
mutagens revealed that all the mutagenic treatments induced 
greater variability as compared to control. 
10. The overall result of the present studies indicated that MMS 
caused maximum biological damage in both the varieties and the 
lower doses of EMS caused marked increase in many polygenic 
traits. 
11. Out of two varieties in the present investigation, var. 
BG-372 was found more sensitive to both the chemical mutagens. 
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